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Kditorials,  Commentaries,  and  Reviews  to  Note 

Influenza  in  the  Family  (editorlal)-Wright  P.  N  Engl  J  Med  2000  Nov  2;343(18):13.M-1332. 

Smoking  and  Lung  Cancer  (editorial)-Doll  SR.  Am  J  Respir  Cril  Care  Med  2000  Jul;  162(  1 ): 
4-6. 

Progress  in  Soft  lissue  I'aleopathology-Aufderheide  AC.  .lAMA  2000  Nov  22/29:284(20): 

2571-2573. 

Highlighled  Topics  Series:  Physiology  of  a  Microgravity  Environment  ( editorial )-Sicck  GC. 
,1  AppI  Physiol  2000  .luUSMd  1:1-2. 

CAPTURE!  SHOCK!  EXCITE!  Clinical  Trial  Acronyms  and  the  "Branding"  of  Clinical 
Research-Berkwits  M.  Ann  Intern  Med  2000  Nov  7:133(9):755-762. 

For  and  Against:  Why  .lournals  Should  Not  Puhlish  Articles  Funded  by  the  Tobacco  In- 
dustry. BMJ  2000  Oct  28;321|726X):1074. 

Noninvasive  Positive  Pressure  Ventilation  in  Acute  Respiratory  Failure-Keenan  SP.  JAMA 
2000  Nov  8;284(l8):2376-2378.  to  notes  for  Feb  2001 


Introduction  of  Sedative,  Analgesic,  and  Neuromuscular  Blocking 
Agent  (iuidelines  in  a  Medical  Intensive  Care  Unit:  Physician  and 
Nurse  Adherence — Bair  N.  Bobek  MB.  Hoffman-Hogg  L,  Mion  LC, 
Slomka  J,  Arroliga  AC.  Crit  Care  Med  2000  Mar;28{ 3 1:707-7 13. 

OBJECTIVE:  To  determine  physician  and  nurse  adherence  with  seda- 
tive, analgesic,  and  neuronuiscular  blocking  agent  guidelines  in  the  man- 
agement of  mechanically  ventilated  patients  in  a  medical  intensive  care 
unit.  DESIGN:  Prospective  cohort  studv.  SUBJECTS:  One  hundred  con- 
secutively admitted  patients  to  a  medical  intensive  care  unit  who  required 
mechanical  ventilatory  support.  A  sample  of  29  nurses,  residents,  and 
attending  physicians  were  interviewed  regarding  their  attitudes  and  per- 
ceptions of  the  guidelines.  MEASUREMENT:  Data  were  collected  from 
concurrent  medical  records  and  included  the  following:  demographic 
characteristics;  clinical  variables;  physician  prescriptions  of  sedative,  an- 
algesic, and/or  neuromuscular  blocking  agents;  nurse  administration  of 
these  medications;  documentation  of  monitoring;  and  assessment  of  pa- 
tient hemodynamic  status  and  behaviors.  A  semistruclurcd  interview  was 
elicited  from  both  nurses  and  physicians  about  their  rationale  for  the  use 
or  nonuse  of  the  guidelines.  RESULTS:  Patients  ranged  in  age  from  24 
to  87  yrs.  mean  60.7  (±  15.3)  yrs.  Admission  Acute  Physiology  and 
Chronic  Health  Evaluation  111  scores  ranged  from  36  to  192,  mean  93.8 
(±  30..^)  and  median  X8.  Length  of  mechanical  ventilatory  support  ranged 
from  I  to  112  days,  mean  14.8  (±  20.0)  days,  and  median  8  days: 
medical  intensive  care  unit  length  of  stay  ranged  from  I  to  46  days,  w  ith 
a  mean  of  9.8  ( ±  8. 1 1  days  and  a  median  of  8  days.  Of  the  100  patients. 
47%  died,  287r  returned  home,  and  25'7t  were  discharged  lo  a  nursing 
facility.  Eighty-five  patients  were  administered  one  or  more  sedative, 
analgesic,  and/or  neuromuscular  blocking  agent,  range  1-9  drugs,  mean 
2.5  (±  1.5)  drugs.  Physicians  prescribed  14  different  medications:  the 
most  commonly  administered  drug  was  lora/.epam  (n  =  71 ).  followed  b\ 


morphine  (n  =  39).  Physicians  and  nurses  had  partial  or  total  adherence 
to  the  guidelines  in  58%  of  patients.  The  initial  choice  of  the  drug 
followed  the  guidelines  in  60%  of  patients;  the  overall  guideline  was 
followed  in  23%?  of  patients.  The  most  common  rationales  for  nonadher- 
ence  to  the  guidelines  stated  by  both  physicians  and  nurses  were  patient- 
specific  factors,  resident  guideline  learning  curve,  and  physician  medi- 
cation preferences.  CONCLUSION:  Most  patients  required  treatment  for 
agitated  behaviors.  The  majority  of  treatment  regimens  panially  or  totally 
adhered  to  the  guidelines.  Factors  such  as  patient-specific  disease  states, 
resident  guideline  learning  curve,  and  physician  preferences  of  medica- 
tions may  have  decreased  adherence.  Improv  ing  adherence  to  the  guide- 
lines is  essential  to  assess  their  effectiveness  in  improving  clinical  out- 
comes. 

Predisposing  Factors  for  Nosocomial  Pneumonia  in  Patients  Receiv- 
ing Mechanical  Ventilation  and  Requiring  Tracheotomy — Georges 
H.  Leroy  O.  Guery  B.  Alfandari  S.  Beaucaire  G.  Chcsl  2000:1 18(3 );767- 
774. 

Study  objectives:  To  assess  the  incidence  of  nosocomial  pneumonia  (NP) 
;ifter  tracheotomy  in  an  ICU  population  and  to  determine  NP  risk  factors 
during  the  ICU  stay,  particularly  on  the  day  of  tracheotomy.  Design:  A 
retrospective  study  using  prospectively  collected  data.  Setting:  A  16-bed 
multidisciplinary  ICL'.  Patients:  One  hundred  thirty-five  patients  requir- 
ing tracheotomy  for  mechanical  ventilation  (MV)  weaning.  Results:  The 
mean  (  i  SDl  duration  of  MV  before  tracheotomy  was  17.8  r  13.4  days. 
Thirty-seven  cases  of  NP  occurred  in  35  patients  (25.9% ),  8.7  =  7,3  days 
after  the  tracheotomv  procedure.  NP  cases  were  classified  as  early  NP 
(n  =  19)  if  they  occurred  within  5  days  after  (he  procedure  (mean.  2.7  ± 
I.I  days),  and  as  late  NP  (n  =  18)  if  they  occun-ed  beyond  the  fifth  day 
(mean,  14.4  ±  6.1  days).  MuUivariate  analysis  identified  the  following 
three  independent  factors  associated  with  early  NP:  the  presence  of  pos- 
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itive  endotracheal  aspirates  (EAs)  with  pathogen  levels  of  a  105  cfu/mL 
(p  =  O.OOni );  hyperthermia  liemperature.  2:  -18..1°C;  p  =  0.0021  on  the 
day  ol^  tracheotonis ;  and  the  eonlinuation  of  sedation  beyond  24  h  after 
the  tracheotomy  (p  =  0.0(X)1).  Accountable  pathogens  of  early  NP  were 
present  in  EA  on  the  day  of  tracheotomy  (p  =  0.001 ).  Cases  of  late  NP 
were  significantly  associated  with  the  duration  of  sedation  before  the 
procedure  (p  =  0.002)  and  with  hyperthermia  (temperature,  a  .^8..3°C) 
on  the  day  of  tracheotomy  (p  =  0.0005).  The  ICU  admitting  diagnosis, 
previous  NP.  duration  of  administration  of  antimicrobial  agents  and  MV 
before  tracheotomy,  indication  for  tracheotomy.  P,,, /fraction  of  inspired 
oxygen  ratio,  and  use  of  steroids  on  the  day  of  the  procedure  vsere  not 
associated  with  the  occurrence  of  NP.  The  mortality  rate  of  our  popula- 
tion was  33..^%.  and  NP  increa.sed  this  percentage  to  54.3';?.  Conclusions: 
Our  results  could  suggest  that  tracheotomy  should  be  delayed  in  mechan- 
ically ventilated  patients  with  bronchial  colonization  and  hyperthemiia, 
when  sedation  cannot  be  discontinued  after  the  procedure,  to  prevent 
occurrence  of  early  NP. 

Formation  and  Current  Results  of  a  Patlent-Orcani^ed  Rejjistrv  for 
•Mphai-Anlitrjpsin  Deficiency — Stoller  JK,  Brantly  M.  Fleming  LE. 
Bean  }.\.  Walsh  J.  lor  the  .Alpha  One  Foundation  Research  Network 
Registry  Investigators.  Chest  2000:1 18(3):S43-S4X. 

Background:  .Significant  challenges  exist  to  investigating  uncommon  ill- 
nesses because  too  few  patients  are  seen  at  any  single  clinical  center  to 
permit  appropriate  research  studies.  Recognizing  this  impediment  to  clin- 
ical research  in  alpha|-antitrypsin  deficiency,  the  Alpha  One  Foundation. 
a  patient-organized  research  foundation,  has  collaborated  with  clinician- 
scientists  to  organize  a  voluntary  registry  of  individuals  with  alpha,- 
antitrypsin  deficiency.  Purpose:  To  facilitate  clinical  research  in  alpha, - 
antitrypsin  deficiency  by  organizing  a  regi.stry  of  alfected  individuals 
willing  to  be  approached  to  participate  in  clinical  studies.  Methods:  El- 


ements of  the  Alpha  One  Foundation  Research  Network  Registry  include 
a  Medical  and  Scientific  Advisory  Committee,  composed  of  physician- 
investigaUirs  and  patient  advocates,  designated  clinical  resource  centers 
at  medical  institutions  with  expertise  in  the  management  of  individuals 
with  alpha, -antitrypsin  deficiency,  and  a  data  coordinating  center  with 
responsibility  for  databa,se  management  and  analysis.  Questionnaires  re- 
questing information  about  demographic  features,  alpha|-antitrypsin  phe- 
notype.  smoking  history,  and  health-care  utilization  were  distributed  to 
prospective  registrants  through  the  follow  ing  channels:  mailings  from  the 
.Alpha  One  Foundation:  mailings  from  the  clinical  resource  centers;  and 
distribution  hy  home-care  and  pharmaceutical  companies.  Information 
from  this  questionnaire  formed  the  basis  of  the  initial  registry  database. 
Results:  Between  May  1997  and  June  1999.  7.789  forms  were  distrib- 
uted, and  forms  were  returned  by  712  unique  registrants.  Registrants  have 
the  following  characteristics:  mean  (±  SD)  age.  49.3  ±  13.2  years; 
women.  47.7%;  white,  96.2%;  PI*ZZ  phenotype.  70.7%;  ex-smokers. 
73. 39?;  COPD  patients.  87.2%  (emphysema  patients.  54.2%;  chronic 
bronchitis  patients.  33%  );  and  self-reported  liver  disease.  6.4%.  The  mean 
number  of  physician  visits  reported  by  registrants  in  the  preceding  12 
months  was  7.8  ±  9.4,  59%  reported  currently  receiving  I.V.  augmen- 
tation therapy,  and  35%  reported  using  supplemental  oxygen  at  home. 
Examples  of  ongoing  research  studies  using  this  unique  database  include: 
(Da  case-control  study  to  evaluate  occupational  risk  factors  for  obstruc- 
tive lung  disease  in  individuals  with  alpha, -antitrypsin  deficiency  and  (2) 
a  stud\  U)  evaluate  the  health-care  costs  for  alfected  individuals.  Con- 
clusions: A  registry  currently  including  712  individuals  with  alpha,- 
antilrypsin  deficiency  has  been  organized  through  a  collaboration  be- 
tween physician-investigators  and  a  patient-organized  research 
foundation.  Use  of  the  registry  has  already  facilitated  studies  that  were 
previously  difficult  because  of  the  paucity  of  identifiable  study  subjects. 
The  registry  cotiort  promises  to  provide  an  important  resource  for  future 
clinical  and  cpidciniologic  studies. 
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Evidence  for  the  Need  (»f  Bedside  Accuracy  of  Pulse  Oximetry  in  an 
Intensive  Care  Unit^Seguin  P,  Le  Rouzo  A.  Tanguy  M,  Guillou  YM, 
Feuillu  A,  Malledaiit  Y.  Crit  Care  Med  2000  Mar;2S(3):703-706. 


OBJECTIVE:  To  compare  pulse  oximetry  saturation  (S,,,,,)  with  arterial 
blood  gas  saturation  (S„„)  obtained  during  clinical  routine  to  determine 
the  optimal  lowest  reliable  value  of  Sp„,  in  ventilator-dependent  patients 
before  setting  up  a  nurse-directed  protocol  of  F|o,  titration.  DESIGN: 
Prospective  clinical  study.  SETTING:  Surgical  intensive  care  unit  in  a 
university  hospital.  PATIENTS:  Thirty-three  patients  with  a  pulse  oxime- 
ter probe  in  whom  arterial  blood  gas  was  measured  with  a  radial  artery 
line.  INTERVENTIONS:  Sp,„  was  recorded  by  the  nurses  and  compared 
with  Sj,„  obtained  by  blood  gas  analysis  with  a  co-oximeter.  Two  sensors 
currently  used  in  our  surgical  intensive  care  unit  and  connected  to  a 
monitor  (HP  OmniCarc  MI165/66A;  Hewett  Packard.  Andover.  MA) 
were  tested.  In  group  1.  the  Durensor  DS  lOOA  (Ncllcor  Puritan  Bennett. 
Pleasanton,  CA).  a  reusable  sensor,  was  used.  In  group  II.  the  Oxisensor 
D2.'il,  (Nellcor  Puritan  Bennett),  a  nonreusable  sensor,  was  used.  MEA- 
SUREMENTS AND  MAIN  RESULTS:  In  group  I.  64  data  pairs  were 
obtained.  In  this  group.  S.,„,  ranged  from  87  to  98%  and  Sp„,  ranged  from 
92  to  100%.  The  bias  was  -1.90%  and  the  limits  of  agreement  ranged 
from  -.S.56  to  1.76%.  In  group  1 1.  47  data  pairs  were  obtained.  In  this 
group.  S,„„  ranged  from  87  to  99%  and  S,,,,,  ranged  from  92  to  100%.  The 
bias  was  -2.49%  and  the  limits  of  agreement  ranged  from  -6.62  to  1.64%. 
CONCLUSIONS:  In  the  range  of  S.,„,  tested,  regardless  of  the  sensor 
used.  Sp„,  overestimated  S„„.  Large  limits  of  agreement  were  found. 
Based  on  this  result,  the  authors  concluded  that  before  defining  a  nurse- 
directed  protocol  of  F|,,,  titration  with  Sp,,,.  the  material  used  daily  must 
be  evaluated.  A  minimum  threshold  Sp,,,  value  of  96%  in  both  groups  I 
and  II  is  more  reliable  to  ensure  S„„  a  90%. 


Airway  Accidents  in  Intubated  Intensive  Care  Unit  Patients:  An 
Epidemiological  Study— Kapadia  FN,  Bajan  KB,  Raje  KV  Crit  Care 
Med  2000  Mar:2S(.M:6.S9-664. 

OBJECTIVE:  To  assess  the  rate  of  occurrence  and  nature  of  airway 
accidents  in  intubated  patients.  DESIGN:  Prospective  recording  of  all 
airway  accidents  in  a  16-bed  multidisciplinary  intensive  care  unit.  PA- 
TIENTS: A  total  of  .'i.046  ventilated  patients  intubated  for  9.289  days 
during  4  yrs.  MEASUREMENTS  AND  MAIN  RESULTS:  We  deter- 
mined the  number  and  diagnoses  of  intubated  and  ventilated  patients,  the 
number  and  timing  of  airway  accidents,  the  type  of  tracheal  tube  used  and 
duration  for  w  hich  the  tube  w  as  in  situ,  the  description  of  the  t\  pe  ot 
accident,  the  severity  of  the  accident,  and  its  impact  on  the  course  of  the 
patient's  illness,  whether  the  patient  needed  reintubation.  and  whether  the 
accident  was  preventable.  The  total  accident  rate  was  36  of  5.046  patients 
during  9,289  intubated  patient  days:  26  occurred  in  5.043  endolracheally 
intubated  patients  during  8,446  patient  endotracheal  tube  days.  There 
were  10  tracheostomy-relaled  accidents  from  a  total  of  79  patients  with 
tracheostomies  during  843  tracheostomy  patient  days.  Six  had  severe 
consequences  and  one  resulted  in  death.  Eleven  were  completely  pre- 
ventable, 17  partly  preventable,  and  8  were  considered  unpre\cnlable. 
Self-extubation  was  the  most  common  accident.  Seven  of  13  sell  extu- 
bations  occurred  in  patients  due  for  elective  cxtubation  in  the  next  few 
hours.  Twelve  of  15  patients  with  self-  or  accidental  extubation  of  an 
endotracheal  tube  accidentsdid  not  require  reintubation.  CONCLUSIONS: 
Airway  accidents  occuned  at  low  lesels  with  even  lower  rates  of  result- 
ant morbidity  and  mortality.  Tracheostomy  accidents  are  more  common 
than  those  with  an  endotracheal  tube. 


Safety,  Erficacy,  and  Cost-Effectiveness  of  Mechanical  \  entilation 
with  HumidifvinB  Kilters  ChanRed  Every  48  Hours:  A  Prospective. 
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K;iiul(iiiii/r(l  Mud)      MarkiuMc/  P.  Ricirtl  Jl).  Drcyfuss  D,  Micr  L. 
Brun  P.  CoMc  F.  ol  al.  Cril  Care  Moil  2(KX)  Mar;28(3):66.'i-67l. 


hrarul  nl  IIMli.  Objective  in  vivo  evaluation  of  their  humidifying  per- 
formances is  decisive  before  extending  their  duration  of  use. 


OBJECTIVE:  To  determine  whether  three  hydrophobic  and  hygroscopic 
heat  and  moisture  exchangers  (HMEs)  retain  their  healing  and  humidi- 
lying  properties  (assessed  by  psychrometric  ineasuremenls  of  absolute 
humidity,  relative  humidity,  and  tracheal  temperature)  for  48  hrs  without 
any  drop  in  their  bacteriologic  efficiency.  DESIGN;  Prospective  random- 
ized clinical  tnal.  PATIENTS:  Si.xty-onc  consecutive  unselecled  me- 
chanically ventilated  intensive  care  unit  patients.  INTERVENTIONS; 
Patients  were  randomly  allocated  to  one  of  the  three  HMEs  studied 
(Hygrobac-Dar  from  MalMnckrodi.  n  =  21;  Humid- Vent  from  Gibeck. 
n  =  20:  and  Clear-Thermal  from  Intersurgical.  n  =  20).  MEASURE- 
MENTS AND  MAIN  RESULTS:  Hygrometric  parameters  were  mea- 
sured by  psychrometry  after  3.  24.  and  48  hrs  of  use.  Peak  airway  pres- 
sure was  recorded  every  6  hrs  and  averaged  over  24  hrs.  Bacterial 
colonization  of  both  patients  and  circuits  was  studied.  Patients  in  all  three 
groups  were  siinilar  in  terms  of  age.  indications  for.  and  overall  duration 
of  mechanical  ventilation.  Tracheal  tube  occlusion  never  occurred.  Hy- 
grometric data  included  371  measurements  whereas  bacteriologic  data 
included  >  700  samples  and  cultures.  The  Hygrobac-Dar  HMEs  gave  a 
significantly  higher  absolute  humidity  w  hatever  the  lime  of  measurement 
(3.  24.  or  48  hrs)  than  the  other  two  HMEs  ip  <  0.001).  The  Clear- 
Thermal  HMEs  ga\e  the  poorest  hygrometric  parameters  (p  <  0.01 ):  five 
of  them  were  replaced  prematurely  (24  hrs)  because  the  absolute  humid- 
ity was  <  25  mg  HiO/L.  This  did  not  occur  for  the  other  HMEs.  Mean 
peak  airway  pressures  were  identical  in  the  three  groups.  The  bacterial 
colonizations  of  both  patient  and  circuit  were  similar  (and  negligible  for 
circuits)  for  all  three  groups.  CONCLUSION;  Some  HMEs  may  be  used 
safely  for  48  hrs  without  change.  However,  this  does  nol  pertain  to  every 


.\  Cosl-KfTecliMniss  \rial\sis  iif  the  \ppliialiim  iif  Nitric  ()\ldi-  \  er- 
sus  Owmii  t.as  l(ir  Near-  hrin  \in  horns  with  Kispira!or>  Kallurr: 
Results  Iriim  a  (  anadian  Kandomi/cd  (  linical  I  rial  Jacobs  I',  liner 
NN.  Robertson  CM.  Etches  P.  Hall  EM.  Saunders  LD.  Cril  Care  Med 

2(KM)  Mar;28(3):872-878. 

OBJECTIVE:  To  conduct  a  cost-effectiveness  analysis  of  the  use  of 
inhaled  nitric  oxide  (NO)  vs.  oxygen  administered  to  near-term  (gesta- 
tional age  ?  .34  wks)  newborns  with  severe  respiratory  illness  that  were 
referred  for  consideration  of  extracorporeal  membrane  oxygenation 
(ECMO).  DESIGN;  The  cost-effectiveness  analysis  is  based  on  outcome 
and  utilization  data  from  two  mullicentered  randomized  clinical  trials 
conducted  by  the  Canadian  Inhaled  Nitric  Oxide  Study  group,  one  for 
patients  with  congenital  diaphragmatic  hernia  (CDH)  and  one  for  patients 
without  CDH.  Data  from  the  western  Canadian  ECMO  center  were  used 
to  establish  costs.  SETTING;  Patients  were  cared  for  in  Canadian  re- 
gional neonatal  intensive  care  units,  including  two  ECMO  centers.  Air 
transport  w  as  used  for  transporting  patients  between  centers.  PATIENTS: 
Term  and  near-term  newborns  with  severe  respiratory  illness  who  were 
receiving  maximum  conventional  therapy  and  whose  oxygenation  index 
was  >  40.  INTERVENTIONS;  Patients  randomly  received  NO  or  oxy- 
gen. If  their  conditions  deteriorated,  they  qualified  for  ECMO.  Not  all 
that  qualified  for  ECMO  received  it  because  of  individual  parent/physi- 
cian preferences.  MEASUREMENTS  AND  MAIN  RESULTS:  The  cost- 
effectiveness  ratio  was  the  ratio  of  net  cost  (including  neonatal  intensive 
care.  ECMO.  and  transport)  to  net  outcome  (survival)  for  the  two  inter- 
ventions. For  non-CDH  cases,  the  cost-effectiveness  ratio  was  S36.6I3 
(Canadian)  per  life  saved;  the  confidence  intervals  were  wide  and  the 
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results  were  not  statistically  signillcant.  Rir  CDH  patients,  the  death  rate 
was  lower  for  oxygen  atid  the  oxygen  patients  cost  less;  the  results  were 
not  statistically  significant.  CONrLUSIONS:  The  small  numbers  of  pa- 
tients in  the  trials  precluded  significant  results.  Further,  our  results  have 
a  short-term  time  horizon  (discharge  to  home  or  death).  Thus,  for  non- 
CDH  patients,  the  favorable  ratio  provides  very  qualified  evidence  in 
favor  of  NO. 


Outcome  of  Children  Who  Require  Mechanical  Ventilatory  Support 
after  Bone  Marrow  Traasplantation— Keenan  HT,  Bratton  SL.  Martin 
LI).  CLiulord  S\V.  Weiss  N.S.  Crit  Care  Med  2000  Mar;28(3):8.^()-S.^.'i. 

OBJECTIVE:  To  identify  clinically  measurable  factors  thai  could  predict 
outcome  for  pediatric  patients  undergoing  mechanical  ventilatory  support 
after  hone  marrow  transplant.  DESIGN:  Cohort  study.  SETTING:  A 
relcrral  center  for  bone  marrow  transplant  patients  in  Seattle.  Washing- 
ton. PATIENTS:  Children  <  17  yrs  old  who  received  a  bone  marrow 
transplant  and  subsequently  required  mechanical  ventilatory  support  for  == 
24  hrs  between  198.^  and  1996.  INTERVENTIONS:  None.  MEASURE- 
MENTS AND  MAIN  RESULTS:  Data  were  abstracted  from  the  charts 
of  121  pediatric  patients  who  received  a  bone  marrow  transplant  and 
subsequently  required  mechanical  ventilatory  suppon.  A  total  of  19  pa- 
tients (KtVc)  survived  to  be  extubated  and  survived  for  a  30  days  post- 
extubation.  Major  risk  factors  for  death  included  respiratory  failure  as  the 
reason  for  endotracheal  intubation  (4%  survival),  the  presence  of  pulmo- 
nary infection  (b%  survival),  and  impairment  of  more  than  one  organ 
system  (2%  survival  if  more  than  one  organ  system  was  dysfunctional  on 
day  7  postintubation).  CONCLUSIONS:  Although  the  prognosis  gener- 
ally is  poor  among  pediatric  bone  marrow  transplant  recipients  who 
subsequently  require  mechanical  ventilatory  support,  there  appear  to  be 
some  groups  within  this  population  in  whom  the  likelihood  of  survival  is 
close  to  0.  Because  the  chance  of  survival  was  so  small  for  children  with 
dysfunction  of  more  than  one  organ  system  on  day  7  after  intubation,  a 
recommendation  to  limit  medical  support  for  these  children  could  be 
considered  pending  the  results  of  other  studies. 


The  Safety  of  One,  or  Repeated.  Vital  Capacity  Maneuvers  during 
General  .\nesthesia— Magnusson  L.  Tenling  A.  Lemoine  R.  Hogman 
M,  Tyden  H,  Hedenstiema  G.  Anesth  Analg  2000  Sep;91(3):702-707. 

A  vital  capacity  maneuver  (VCM)  (inflating  the  lungs  to  40  cm  H,0  for 
15  s)  is  effective  in  relieving  atelectasis  during  general  anesthesia  or  after 
cardiopulmonary  bypass  (CPB).  The  study  was  undertaken  to  investigate 
the  safety  of  one  or  repeated  VCM.  Five  groups  of  six  pigs  were  studied. 
Two  groups  had  general  anesthesia  for  6  h  and  one  group  received  a 
VCM  every  hour.  Three  other  groups  received  CPB.  VCM  was  per- 
formed after  CPB  in  two  of  these  groups.  VCM  was  then  repeated  every 
hour  in  one  of  the  groups.  Lung  damage  was  evaluated  by  extravascular 
lung  water  (EVLW)  measurement,  light  microscopy,  and  the  half-time 
(T|,2)  of  disappearance  from  the  lung  of  a  nebulized  aerosol  containing 
^"Tc-DTPA.  No  changes  were  noted  in  extravascular  lung  water.  The 
pigs  subjected  to  VCM  decreased  their  T,,,.  In  the  groups  exposed  to 
repeated  VCM.  T,,,  remained  lowered  (CPB  pigs)  or  decreased  over  lime 
(non-CPB  pigs).  No  lung  damage  could  be  seen  on  the  morphology 
study.  These  results  suggest  that  one  VCM  is  a  safe  procedure.  The 
increase  in  lung  clearance  of  '"""Tc-DTPA  not  associated  with  an  in- 
crea.se  in  lung  water  when  VCM  is  repeated  may  have  been  caused  by  an 
increase  in  lung  volume.  Therefore,  repeated  VCM  also  appears  to  be 
safe.  IMPLICATIONS;  This  study  demonstrates  in  an  animal  model  that 
inflating  the  lung  once  or  repeatedly  to  the  vital  capacity  is  a  safe  pro- 
cedure. This  maneuver,  also  called  the  vital  capacity  maneuver,  can  be 
used  to  relieve  lung  collapse  which  occurs  in  all  patients  during  general 
anesthesia. 


Improving  Patient  Compliance  with  Asthma  Therapy — Chapman  KR. 

Walker  L,  Cluley  S.  Fabbri  L.  Respir  Med  2000  Jan;94(  1  ):2-9. 

Patients  fail  to  comply  with  asthma  medication  for  a  variety  of  reasons. 
These  range  from  physical  inability  to  use  an  inhaler,  through  simple 
forgetfulness,  to  a  conscious  decision  not  to  use  medication  as  prescribed 
due  to  internal  or  cultural  health  beliefs  or  socioeconomic  factors.  In 
some  patients,  poor  self-care  because  of  deep-rooted  psychological  fac- 
tors (i.e.  factors  of  which  patients  have  only  limited  awareness)  can  affect 
compliance.  Poor  doctor-patient  communication  can  be  the  cause  in  many 
other  individuals.  Thus,  there  is  no  single  solution  that  will  improve 
compliance  in  all  patients.  Simplifying  the  regimen  or  providing  memory 
aids  will  be  sufficient  for  some  patients,  while  education  or  psychological 
counselling  will  be  more  appropriate  for  others.  Doctors  can  also  use  a 
range  of  communication  skills  to  improve  the  way  in  which  they  present 
information,  motivate  patients  and  reinforce  progress.  These  approaches, 
plus  respect  for  patients'  health  beliefs  and  involving  them  in  treatment 
decisions,  can  help  foster  an  atmosphere  of  mutual  responsibility  and 
concordance  over  medicine  taking. 

Importance  of  Adjusting  Carbon  Monoxide  Diffusing  Capacity 
(DLCO)  and  Carbon  Monoxide  Transfer  Coefficient  (KCO)  for  Al- 
veolar Volume— Johnson  DC.  Rcspir  Med  2000  Jan;94(  1  ):28-37. 

The  volume  dependence  of  single  breath  carbon  monoxide  dilfusing 
capacity  (DLCO)  and  carbon  monoxide  transfer  coefficient  (KCO)  was 
determined  in  24  healthy  subjects.  The  change  in  DLCO  [fraction  of 
DLCO  measured  at  total  lung  capacity  (TLC)l  to  change  in  alveolar 
volume  [fraction  of  alveolar  volume  (V,^)  at  TLC[  closely  fitted  a  simple 
linear  regression  and  matched  a  theoretical  model.  As  V^  decreased. 
DLCO  fell  lineaHy  and  KCO  increased  as  expected  from  the  relation  of 
DLCO  to  V,^.  The  equations  for  adjustment  of  predicted  DLCO  and  KCO 
for  alveolar  volume  are;  DLCO/DL  COtlc  =  0.58  +  0.42  V^/V^  tic, 
KCO/KCOtIc  =  0.42  +  0.58/(  V^  A'^  tic).  DLCO  and  KCO  were 
evaluated  in  2313  patients.  Subgroups  of  patients  with  asthma,  emphy- 
sema, extrapulmonary  lung  disease,  interstitial  lung  disease  and  lung 
resection  were  identified.  Unadjusted  DLCO  and  KCO  percent  predicted 
values  showed  large  differences  and  much  variability,  so  can  be  mislead- 
ing. As  expected.  KCO  and  DLCO  percent  predicted  values  adjusted  for 
alveolar  volume  were  ncariy  identical.  Subgroups  have  charactenstic 
patterns  of  V^  and  unadjusted  and  adjusted  DLCO  and  KCO.  Changes  in 
DLCO  and  KCO  with  alveolar  volume  are  relevant  for  accurate  inter- 
pretation of  diffusion  in  patients  with  low  lung  volumes.  Adjusting  pre- 
dicted DLCO  and  KCO  for  alveolar  volume  provides  a  better  assessment 
of  lung  function. 

Long-Term  Effects  Nasal  Continuous  Positive  .•\irway  Pressure  on 
Daytime  Sleepiness,  Mood  and  Traffic  Accidents  in  Patients  with 
Obstructive  Sleep  Apnoea — Yamamoto  H.  Akashiba  T.  Kosaka  N.  Ito 
D.  Hone  T.  Respir  Med  2000  Jan;94(  l):87-90. 

To  describe  the  long-term  effects  of  nasal  continuous  positive  airway 
pressure  (CPAP)  on  the  rate  of  traffic  car  accidents,  excessive  daytime 
sleepiness  (EDS)  and  mood  in  patients  with  obstructive  sleep  apnoea 
syndrome  (OSAS).  we  investigated  the  changes  of  these  parameters  be- 
fore and  after  nasal  CPAP  treatment  using  a  questionnaire.  Seventy-five 
male  patients  who  were  diagnosed  with  severe  OSAS  by  polysomnog- 
raphy were  evaluated  for  driving  competence,  by  looking  at  their  driving 
history  for  2  yr.  for  EDS  by  the  Epwarth  Sleepiness  Scale  (ESS)  and  for 
mood  by  the  Scll-relatcd  Depression  Scale  (SDS),  and  then  underwent 
nasal  CPAP  treatment.  After  2  yr  of  treatment,  questionnaires  inquiring 
about  the  patients"  use  of  CPAP,  their  ESS,  SDS  and  driving  history 
during  treatment  were  sent  to  the  patients.  A  total  of  47  patients  (63%) 
responded  to  these  questionnaires.  Forty-six  of  the  47  responders  had 
continued  to  use  the  nasal  CPAP  and  completed  the  questionnaire.  No 
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traffic  car  accidents  were  observed  among  the  39  routine  car  users  during 
treatment,  while  13  of  39  patients  (33%)  had  had  car  accidents  before 
treatment.  Although  near-miss  accidents  had  been  reported  by  32  of  39 
patients  (82%)  before  treatment,  only  four  patients  reported  near-miss 
accidents  during  nasal  CP.AP  treatment.  The  mean  score  of  ESS  was 
significantly  (p<O.OI)  reduced  in  46  patients  after  nasal  CP.'XP.  The 
mean  score  of  SDS  was  also  decreased  (p<0.01 )  after  nasal  CPAP  in  46 
patients.  Although  26  of  41  patients  had  been  depressive  on  SDS  before 
treatment,  the  mood  was  improved  in  13  patients  after  nasal  CPAP.  These 
results  suggest  that  long-term  nasal  CPAP  treatment  reduces  the  rate  of 
traffic  car  accidents  and  improves  the  EDS  and  the  mood  in  patients  with 
OSAS. 

()n-Line  .Monitoring  of  Intrinsic  PEEP  in  Ventilator-Dependent  Pa- 
tients—Nucci  G.  Mergoni  M.  Bricchi  C.  Polese  G,  Cobelli  C.  Rossi  A. 
J  Appl  Physiol  2(XK)  Sep;89(3):985-995. 

Measurement  of  the  intrinsic  positive  end-expiratory  pressure  (PEEP,)  is 
important  in  planning  the  management  of  ventilated  patients.  Here,  a  new 
recursive  least  squares  method  for  on-line  monitoring  of  PEEP,  is  pro- 
posed for  mechanically  ventilated  patients.  The  procedure  is  based  on  the 
first-order  model  of  respiratory  mechanics  applied  to  expenmenlal  mea- 
surements obtained  from  eight  ventilator-dependent  patients  ventilated 
with  four  different  ventilatory  modes.  The  model  PEEP,  (PEEP,  ,„„j)was 
recursively  constructed  on  an  inspiration-by -inspiration  basis.  The  results 
were  compared  with  two  well-established  techniques  to  assess  PEEP,: 
end-expiratory  occlusion  to  measure  static  PEEP,  (PEEP,  „  and  change  in 
airway  pressure  preceding  the  onset  of  inspiratory  airtlow  to  measure 
dynamic  PEEP,  (PEEP, ,,,„).  PEEP,  „^  was  significantly  correlated  with 
both  PEEP,.j,„  (r  =  0.77)  and  PEEP,.,  (r  =  0.90).  PEEP,„,^  (5.6  ±  3.4 
cm  HjO)  was  systematically  >  PEEP,jy„  and  PEEP,,,  (2.7  ±  1.9  and 
8.1   ±  5.5  cm  HjO,  respectively),  in  all  the  models  without  external 


PEEP.  Focusing  on  the  five  patients  with  chronic  obstructive  pulmonary 
disease.  PEEP,  „^  was  significantly  correlated  v.nh  PEEP,  „  (r  =  0.71). 
whereas  PEEP,  j^„  (r  =  0.22)  was  not.  When  PEEP  was  set  5  cm  H,0 
above  PEEP,  „.  all  the  methods  correctly  estimated  total  PEEP.  i.e..  1 1 .8  ± 
5.3.  12.5  ±  5.0.  and  12.0  ±  4.7  cm  H,0  for  PEEP,.„„^.  PEEP,,,,  and 
PEEP,j,„.  respectively,  and  were  highly  correlated  (0.97-0.99).  We  in- 
terpreted PEEP,  „„,j  as  the  lower  bound  of  PEEP,  „  and  concluded  that 
our  method  is  suitable  for  on-line  monitoring  of  PEEP,  in  mechanically 
ventilated  patients. 


Inhaled  Zanamivir  for  the  Prevention  of  Influenza  in  Families — 

Hayden  FG.  Gubareva  LV.  .Monto  .AS.  KIciii  TC.  Elliott  .\IJ.  Hammond 
JM.  et  al.  N  Engl  J  Med  2000  Nov  2;343(I8);1282-1289. 

Background:  As  prophylaxis  against  influenza  in  families,  amantadine 
and  rimantadine  have  had  inconsistent  effectiveness,  partly  because  of 
the  transmission  of  drug-resistant  variants  from  treated  index  patients. 
We  performed  a  double-blind,  placebo-controlled  study  of  inhaled  zana- 
mivir for  the  Irealmenl  and  pre\ention  of  intlucnza  in  families.  Methods: 
We  enrolled  families  (with  two  to  five  members  and  at  least  one  child 
who  was  five  years  of  age  or  older)  before  the  1998-1999  influenza 
season.  If  an  inlluenza-likc  illness  developed  in  one  member,  the  family 
was  randomly  assigned  to  receive  either  inhaled  zanamivir  or  placebo. 
The  family  member  with  the  index  illness  was  treated  with  either  10  mg 
of  inhaled  zanamivir  (163  subjects)  or  placebo  (158)  twice  a  day  for  5 
days,  and  the  other  fainily  members  received  either  10  mg  of  zanamivir 
(414  subjects)  or  placebo  (423)  once  a  day  as  prophylaxis  for  10  days. 
The  primary  end  point  was  the  proportion  of  families  in  which  at  least 
one  household  contact  had  symptomatic,  laboratory -confirmed  intlucnza. 
Results:  The  proportion  of  families  with  at  least  one  initially  healthy 
household  contact  in  whom  inlluenza  developed  was  smaller  in  the  zana- 
mivir group  than  in  the  placebo  group  (4  percent  vs.  19  percent,  p  < 
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00(11 1;  the  ditfcrence  rcprcsciilL-cJ  a  74  pciLCiil  reduction  in  the  propor- 
tion ol  families  with  at  least  one  alTeeted  contact.  Zanamivir  provided 
protection  against  both  intlnen/a  A  and  inlluen/a  B.  A  neuraminidase- 
inhibilion  assay  and  sequencing  ol  the  neuraminidase  and  hemagglutinin 
genes  revealed  no  /.anaini\n  resistant  variants.  Among  the  subjects  uith 
index  ca.ses  of  laboratoi>-confiimed  inlluen/a,  the  median  duration  of 
symptoms  was  2.5  days  shorter  in  the  zanamivir  group  than  in  the  pla- 
cebo group  (5.0  v.s.  7.5  days,  p  =  0.01).  Zanamivir  was  well  tolerated. 
Conclusions:  When  combined  with  the  treatment  of  index  cases,  prophy- 
lactic treatment  of  family  members  with  once-daily  inhaled  zanamivir  is 
well  tolerated  and  prevents  the  development  of  influenza.  In  this  study 
there  was  no  ev idence  of  the  emergence  of  resistant  inOuenza  variants. 

Ethical  Decision  Makin)>  and  Patient  Autonomy :  X  Comparison  of 
Physicians  and  Paticnt.s  in  Japan  and  the  I  nited  States— Ruhnke 
CiW  .  V\  ilson  SR.  .Akamalsu  I .  Kmoue  T.  Takaslnina  'l'.  Goldstein  MK. 
el  al.  Chest  :()00  Oct  J  1S(4):  1 172-1 182. 

BACKGROUND:  Patient-centered  decision  making,  which  in  the  United 
States  is  typically  considered  to  be  appropriate,  may  not  be  universally 
endorsed,  thereby  harboring  the  potential  to  complicate  the  care  of  pa- 
tients from  other  cultural  backgrounds  in  potentially  unrecognized  ways. 
This  study  compares  the  altitudes  toward  ethical  decision  making  and 
autonomy  issues  among  academic  and  communily  physicians  and  pa- 
tients of  medical  center  outpatient  clinics  in  Japan  and  Ihe  United  States. 
METHODS:  .A  questionnaire  requesting  judgments  about  seven  clinical 
vignettes  was  distributed  (in  English  or  Japanese)  to  sample  groups  of 
Japanese  physicians  (n  =  400)  and  patients  (n  =  65)  as  well  as  US 
physicians  (n  =  120)  and  patients  (n  =  60)  that  were  selected  randomly 
from  academic  institutions  and  community  settings  in  Japan  (Tokyo  and 
the  surrounding  area)  and  Ihe  United  States  (the  Stanford/Palo  Alto,  CA. 
area).  Responses  were  obtained  from  273  Japanese  physicians  (68'7r).  58 
Japanese  patients  (Sy;; ).  98  US  physicians  (82'/f ),  and  55  US  patients 
(9250.  Physician  and  patient  sample  groups  were  compared  on  individ- 
ual items,  and  composite  scores  were  derived  from  subsets  of  items 
relevant  to  patient  autonomy,  family  authority,  and  physician  authonty. 
RESULTS:  A  majority  of  both  US  physicians  and  patients,  but  only  a 
minority  of  Japanese  physicians  and  patients,  agreed  that  a  patient  should 
be  infoimed  of  an  incurable  cancer  diagnosis  before  their  family  is  in- 
formed and  that  a  temiinallv  ill  patient  wishing  to  die  immediately  should 
not  be  \entilated.  e\en  if  both  the  doctor  and  the  patient's  family  want  the 
patient  ventilated  (Japanese  physicians  and  patients  vs  US  physicians  and 
patients,  p  <  0.001 ).  A  majority  of  respondents  in  both  Japanese  sample 
groups,  but  only  a  minority  in  both  US  sample  groups,  agreed  thai  a 
patient's  family  should  be  informed  of  an  incurable  cancer  diagnosis 
before  the  patient  is  informed  and  that  the  family  of  an  HIV-positive 
patient  should  be  informed  of  this  disease  status  despite  the  patient's 
opposition  to  such  disclosure  (Japanese  physicians  and  patients  vs  US 
physicians  and  patients,  p  <  0.001).  Physicians  in  both  Japan  and  the 
United  States  were  less  likely  than  patients  in  their  respective  countries 
to  agree  with  physician  assistance  in  Ihe  suicide  of  a  terminally  ill  patient 
(Japanese  physicians  and  patients  vs  US  physicians  and  patients,  p  < 
0.05).  Across  various  clinical  scenarios,  all  four  respondent  groups  ac- 
corded greatest  authority  to  the  patient,  less  to  Ihe  family,  and  still  less  to 
the  physician  when  the  views  of  these  persons  contlicted.  Japanese  phy- 
sicians and  patients,  however,  relied  more  on  family  and  physician  au- 
thority and  placed  less  emphasis  on  patient  autonomy  than  the  US  phy- 
sicians and  patients  sampled.  Younger  respondents  placed  less  emphasis 
on  family  and  physician  authority.  CONCLUSIONS:  F-'amily  and  physi- 
cian opinions  are  accorded  a  larger  role  in  clinical  decision  making  by  Ihe 
Japanese  physicians  and  patients  sampled  than  by  those  in  the  United 
States,  although  both  cultures  place  a  greater  emphasis  on  patient  pref- 
erences than  on  Ihe  prclerences  of  the  lamils  or  physician.  Our  results  are 
consistent  with  the  view  that  cultural  context  shapes  the  relationship  of 
the  patient,  the  physician,  and  the  patient's  family  in  medical  decision 


making.  The  results  emphasize  the  need  for  clinicians  to  be  aware  of 
these  issues  that  may  affect  patient  and  family  responses  in  different 
clinical  situations,  potentially  affecting  patient  satisfaction  and  compli- 
ance with  therapy. 

Medical  and  .Sur;;ical  Treatment  of  Parapneumonic  Effusions:  An 
Evidence-Based  (iuideline — Colice  GL.  Curtis  A.  Deslauriers  J.  HelTner 
J.  Light  R.  Litlenberg  B.  et  al.  Chest  2()()()  Oct;l  lS(4l:l  158-1 171. 

EVIDENCE:  The  literature  review  revealed  24  articles  eligible  for  full 
review  by  the  panel.  19  of  which  dealt  with  the  primary  management 
approach  to  PPE  and  5  with  a  rescue  approach  after  a  previous  approach 
had  failed.  Of  the  19  involving  the  primary  management  approach  to 
PPE.  there  were  3  randomized,  controlled  trials.  2  historically  controlled 
series,  and  14  case  series.  The  number  of  patients  included  in  the  ran- 
domized controlled  trials  was  small:  methodologic  weaknesses  were  found 
in  the  19  articles  describing  the  results  of  primary  management  ap- 
proaches to  PPE.  The  proportion  and  959c  CI  of  patients  suffenng  each 
of  the  two  relevant  outcomes  (death  and  need  for  a  second  intervention 
to  manage  the  PPE)  were  calculated  for  the  pooled  data  for  each  man- 
agement approach  from  the  19  articles  on  the  primary  management  ap- 
proach. The  pooled  proportion  of  deaths  was  higher  for  the  no  drainage 
(6.6%),  therapeutic  thoracentesis  (10.3%).  and  tube  thoracostomy  man- 
agement approaches  ( 8.8% )  than  for  the  fibrinolytic  (4.3% ).  VATS  (4.8% ). 
and  surgery  (1.9%)  approaches,  but  the  95%  CI  showed  considerable 
overlap  among  all  six  possible  primary  management  approaches.  The 
pooled  proportion  of  patients  needing  a  second  intervention  to  manage 
the  PPE  was  also  higher  for  the  no  drainage  (49.2% ).  therapeutic  thora- 
centesis (46.3% ).  and  lube  thoracostomy  (40.3% )  management  approaches 
than  the  fibrinolytic  (14.9%),  VATS  (0%),  and  surgery  (10.7%)  ap- 
proaches; there  was  no  overlap  in  the  95%  CI  between  the  first  three  and 
the  last  three  management  approaches,  indicating  a  nonrandom  differ- 
ence. RECOMMENDATIONS:  The  studies  identified  through  a  careful 
literature  review  as  relevant  to  the  medical  and  surgical  management  of 
PPE  have  significant  methodological  limitations.  Despite  these  limita- 
tions in  the  data,  there  did  appear  to  be  consistent  and  possibly  clinically 
meaningful  trends  for  the  pooled  data  and  the  results  of  the  randomized, 
controlled  trials  and  the  historically  controlled  series  on  the  pnmary 
management  approach  to  PPE.  Based  on  these  trends  and  consensus 
opinion,  the  panel  recommends  the  following  approach  to  managing 
PPE:  In  all  patients  with  acute  bacterial  pneumonia,  the  presence  of  a 
PPE  should  be  considered.  Recommendation  based  on  level  C  evidence. 
In  patients  with  PPE.  the  estimated  risk  for  poor  outcome,  using  the  panel 
recommended  approach  based  on  pleural  space  anatomy,  pleural  fluid 
bacteriology,  and  pleural  fluid  chemistry,  should  be  the  basis  for  deter- 
mining whether  the  PPE  should  be  drained.  Recommendation  based  on 
level  D  evidence.  Patients  with  category  I  or  category  2  nsk  for  poor 
outcome  with  PPE  may  not  require  drainage.  Recommendation  based  on 
level  D  evidence.  Drainage  is  recommended  for  management  of  category 
3  or  4  PPE  based  on  pooled  data  for  mortality  and  the  need  for  second 
interventions  with  the  no  drainage  approach.  Recommendation  based  on 
level  C  e\  idence.  Based  on  the  pooled  data  for  mortality  and  the  need  lor 
second  interv  cntions.  therapeutic  thoracentesis  or  tube  thoracostomy  alone 
appear  to  be  insufficient  treatment  for  managing  most  patients  with  cat- 
egory 3  or  4  PPE.  Recommendation  based  on  level  C  evidence.  However, 
the  panel  recognizes  that  in  the  individual  patient,  therapeutic  thoracen- 
tesis or  lube  thoracostomy,  as  planned  interim  steps  before  a  subsequent 
drainage  procedure,  may  result  in  complete  resolution  of  the  PPE.  Care- 
lul  evaluation  of  the  patient  for  several  hours  is  essential  in  these  cases. 
If  resolution  occurs,  no  further  intervention  is  neces.sary.  Recommenda- 
tion based  on  level  D  evidence.  Fibrinolytics.  VATS,  and  surgery  are 
acceptable  approaches  for  managing  patients  with  category  3  and  cate- 
gory 4  PPE  based  on  cumulative  data  across  all  studies  that  indicate  that 
these  interventions  are  associated  with  the  lowesi  mortality  and  need  for 
second  interventions.  Recommendation  based  on  le\el  C  evidence. 
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.\cute  Respiratory  Failure  in  the  United  States:  Incidence  and  31- 

Dav  Survival— Bchrendl  CE.  Chest  2000  Oct;l  1S(4»:1 100-1 105. 

Study  objectives:  To  estimate  the  incidence  of  acute  respiratory  failure 
(ARE)  in  the  United  States  and  to  analyze  31 -day  hospital  mortality 
among  a  cohon  of  patients  with  ."XRF.  Design  and  setting:  Retrospective 
cohort  drawn  from  the  Nationwide  Inpatient  Sample  of  6.  4  million 
discharges  from  904  representative  nonfederal  hospitals  during  1994. 
PATIENTS;  All  61,223  patients  in  the  sample  whose  discharge  records 
indicated  all  of  the  following:  acute  respiratory  distress  or  failure,  me- 
chanical ventilation.  2:  24  h  of  hospitalization,  and  age  a  5  years.  RE- 
SULTS: An  estimated  329.766  patients  discharged  from  nonfederal  hos- 
pitals nationwide  in  1994  met  study  criteria  for  ARE.  The  incidence  of 
ARE  was  137.1  hospitalizations  per  1(X),00()  US  residents  agea  5  years. 
Incidence  increased  nearly  exponentially  each  decade  until  age  85  years. 
Overall.  35.99^  of  patients  with  ARE  did  not  survive  to  hospital  dis- 
charge. At  31  days,  hospital  mortality  was  31.4%.  According  to  the 
proportional  hazards  model,  significant  mortality  hazards  included  age 
(S  80  years  and  a  30  years),  multiorgan  system  failure  (MOSE),  HIV. 
chronic  liver  disease,  and  cancer.  Hospital  admission  for  coronary  artery 
bypass,  drug  overdose,  or  trauma  other  than  head  injury  or  burns  was 
associated  with  a  reduced  mortality  hazard.  Interaction  was  present  be- 
tween age  and  MOSF.  trauma,  and  cancer.  A  point  system  derived  from 
the  hazard  m(xiel  classified  patients  into  seven  groups  with  distinct  3 1  - 
day  survival  probabilities  ranging  from  24  to  99<7(.  CONCLUSIONS: 
The  incidence  of  ARE  increases  markedly  with  age  and  is  especially  high 
among  persons  a  65  years  of  age.  Nonpulmonary  hazards  explain  short- 
term  (31-day)  survival. 


Bedside  Detection  of  Retained   I  racheohronchial  Secretions  in  Pa- 
tients Receivinn  Mechanical  \  entihilion:   Is  II    lime  lor    I'racheal 


Suctioning? — Guglielminotti  J.  Alzieu  M.  Maury  E.  Guidet  B,  Offen- 
stadt  G.  Chest  2000  Oct;l  18(4):  1095- 1 099. 


OBJECTIVE:  To  identify  parameters  that  indicate  retained  secretions 
and  the  need  for  tracheal  suctioning  (TS)  in  patients  receiving  mechanical 
ventilation  (MV).  DESIGN:  Prospective  observational  study.  SETTING: 
A  14-bed  medical  ICU  in  a  946-bcd  university  hospital.  PATIENTS: 
Sixty-six  consecutive  patients  receiving  MV.  INTERVENTIONS:  Two 
successive  tracheal  suctions.  TSl  and  TS2.  performed  at  a  2-h  interval  as 
usual  patient  care.  Retained  secretions  were  considered  significant  if  the 
volume  of  secretions  remov  ed  by  TS2  was  >  0.5  mL.  Measurements  and 
results:  Variations  between  TSl  and  TS2  of  pulse  oximelric  saturation 
(Spo,).  peak  inspiratory  pressure  (Pp^^k),  tidal  volume  (Vt).  and  Ramsay 
score  were  compared  between  patients  with  TS2  £  0.5  mL  (group  I ;  n  = 
27)  and  patients  with  TS2  >  0.5  niL  (group  2;  n  =  39).  The  presence  of 
a  sawtooth  pattern  on  now-\olunie  loop  displayed  on  the  monitor  screen 
of  the  ventilator  and  of  respiratory  sounds  heard  over  the  trachea  before 
TS2  were  compared  between  the  two  groups.  Variations  of  P^^^i.  V^.. 
S|,o,.  and  Ramsay  score  between  TSl  and  TS2  did  not  differ  between  the 
two  groups.  However,  group  2  had  a  sawtooth  pattern  (82%  vs  29.6%; 
p  =  0.0001 )  and  respiratory  sounds  (66.6%  vs  25.9%;  p  =  0.  001)  more 
frequently  than  group  1  before  TS2.  For  the  sawtooth  pattern,  the  like- 
lihood ratio  (LR)  of  a  positive  test  was  2.70  and  the  LR  of  a  negative  test 
was  0.25.  while  for  respiratory  sounds  it  was  2.50  and  0.45.  respectively. 
When  the  presence  of  a  sawtooth  pattern  and  of  respiratory  sounds  was 
combined,  the  LR  of  a  positive  test  rose  to  14.7  and  the  LR  of  a  negative 
test  was  0.42.  CONCLUSIONS:  A  sawttxMh  pattern  and/or  respiratory 
sounds  over  the  trachea  are  goixl  indicators  of  retained  secretions  in 
patients  receiving  MV  and  may  indic;ite  the  need  forTS.  Conversely,  the 
absence  of  a  sawtooth  pattern  may  rule  out  retained  secretions. 
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Tardi'tiiiR  Aerosol  Deposition  in  I'aticnls  with  t'>stii-  I'ibrosis:  Ef- 
fects of  Altcrutiuns  in  I'article  Si/.e  and  Inspiratory  Flow  Rate — 

Laubc  BL,  Jashnuni  R,  Dulby  RN.  Zcitlin  PL.  Chest  2000  Oct;  11 8(4): 
I0(i9-1076. 

Study  (ibicctive:  To  delcrniinc  it'aerosoli/ed  medications  can  be  targeted 
til  deposit  in  the  smaller,  peripheral  airways  or  the  larger,  central  airways 
of  adult  cystic  fibrosis  (CF)  patients  by  varying  particle  si/e  and  inspira- 
tory How  rale.  DESIGN:  Randomi/ed  clinical  trial.  SETTING:  Outpa- 
tient research  laboratory.  PATIENTS:  Nine  adult  patients  with  CF.  IN- 
TERVENTIONS: Patients  inhaled  an  aerosol  comprised  of  3.68  ±  0.04 
/xm  saline  solution  droplets  (two  visits)  or  1.01  ±  0.2  ixm  saline  solution 
droplets  (two  visits)  for  30  s.  starting  from  functional  residual  capacity 
and  breathing  at  a  slow  or  faster  inspiratory  flow  rate.  On  all  visits,  the 
saline  solution  was  admixed  with  the  radioisotope  ""'"Tc.  Immediately 
after  inhalation,  a  gamma  camera  recorded  the  deposition  pattern  of  the 
radioaerosol  in  the  lungs.  Deposition  images  were  analyzed  in  terms  of 
the  inner:outer  zone  (l:0)  ratio,  a  measure  of  deposition  in  an  inner  zone 
(large,  central  airways)  vs  an  outer  zone  (small  airways  and  alveoli). 
Measurements  and  results:  For  the  3.68-(xm  aerosol.  I:0  ratios  averaged 
2.29  ±  1.45  and  2.54  ±  1.48  (p  >  0.  05),  indicating  that  aerosol  distri- 
bution within  the  lungs  was  unchanged  while  breathing  at  12  ±  2  L/min 
vs  31  ±  5  LVmin.  respectively.  For  the  lOl-jim  aerosol.  I:0  ratios 
averaged  2.09  ±  0.96  and  3.19  ±  1.95  (p  <  0.05).  indicating  that  dep- 
osition was  predoininantly  in  the  smaller  airways  while  breathing  at  1 8  ± 
5  L/min  and  in  the  larger  airways  while  breathing  at  38  ±  8  L/min. 
respectively.  CONCLUSIONS:  These  results  suggest  that  the  targeted 
delivery  of  an  aerosol  to  the  smaller,  peripheral  airways  or  the  larger. 
central  airways  of  adult  CF  patients  may  be  achieved  by  generating  an 
aerosol  comprised  of  approximately  1 .0-/xm  particles  and  inspiring  from 
functional  residual  capacity  at  approximately  18  L/min  and  approxi- 
mately 38  L/min,  respectively. 

Vertebral  Fracture  Risk  with  Long-Term  Corticosteroid  Therapy: 
Prevalence  and  Relation  to  Age,  Bone  Density,  and  Corticosteroid 

Use — Naganathan  V,  Jones  G.  Nash  P.  Nicholson  G,  Eisman  J.  Sam- 
brook  PN.  Arch  Intern  Med  2000  Oct  23:160(  19):2yi7-2922. 

BACKGROUND:  Few  data  are  available  regarding  vertebral  fracture 
risk  in  patients  treated  with  oral  corticosteroids.  The  aim  of  this  study 
was  to  determine  the  prevalence  and  the  role  of  risk  factors  such  as  age, 
bone  mineral  density  (BMD).  and  corticosteroid  use  for  vertebral  defor- 
mity in  patients  receiving  long-term  corticosteroid  therapy.  METHODS: 
Thoracolumbar  x-ray  films.  BMD.  and  details  on  corticosteroid  use  were 
obtained  on  229  consecutive  patients  treated  with  long-term  corticoste- 
roid regimens  (a  6  months  of  prednisone,  a  5mg/d  or  equivalent)  seen 
at  4  referral  centers.  Comparisons  were  made  with  a  population  control 
group  of  286  male  and  female  controls  not  taking  corticosteroids  (aged  a 
60  years).  RESULTS:  Sixty-five  patients  (28%)  had  at  least  1  vertebral 
deformity  and  25  (11%)  had  2  or  more  vertebral  deformities.  Older  age. 
independent  of  BMD.  was  a  significant  risk  factor  for  deformity.  Patients 
aged  70  to  79  years  had  a  5-fold  increased  risk  of  deformity  compared 
with  patients  younger  than  60  years  (odds  ratio.  5.13;  95%  confidence 
interval.  2.  03-13.0).  Compared  with  the  population  controls,  the  preva- 
lence of  deformities  increased  to  a  greater  extent  w  ith  each  decade  of  age 
in  the  corticosteroid  group  (p  =  0.005).  Mean  lumbar  spine  and  femoral 
neck  BMD  Z  scores  were  lower  in  the  steroid-treated  patients  with  de- 
formities compared  with  the  nonsteroid  control  group  with  defonnitics. 
When  the  effects  of  age.  sex.  body  mass  index,  and  duration  of  cortico- 
steroid use  were  adjusted  for  in  logistic  regression  analysis,  low  BMD 
was  a  modest  predictor  of  deformity  ( for  a  I  -SD  decrease  in  lumbar  spine 
BMD:  odds  ratio.  1.31;  95%  confidence  interval.  1.02-1.68)  and  for  a 
l-SFJ  decrease  in  femoral  neck  BMD:  odds  ratio.  1.77;  95%  confidence 
interval.  1.07-2.94).  CONCLUSIONS:  The  combination  of  increasing 
age  and  corticosteroid  use  is  associated  with  a  marked  increase  in  the  risk 


of  vertebral  deformity.  Elderly  patients  commencing  long-term  cortico- 
steroid therapy  should  be  considered  for  anliosleoporolic  therapy  inde- 
pendently of  their  BMD. 

Early  Exposure  to  House-Dust  Mite  and  Cat  Allergens  and  Devel- 
opment of  Childhood  .\sthma:  A  Cohort  Study — Lau  S.  Illi  S.  Som- 
mcrleld  C.  Niggemann  B.  Bergmann  R.  \oii  Mulius  E.  and  the  Multi- 
centre Allergy  Study  Group.  Lancet  2000  Oct  21 .356(92.39):  1.W2- 1.397. 

BACKGROUND:  In  a  prospective  birth-cohort  study,  we  assessed  the 
relevance  of  mite  and  cat  allergen  exposure  for  the  development  of 
childhood  asthma  up  to  age  7  years.  METHODS:  Of  1314  newborn 
infants  enrolled  in  five  German  cities  in  1990.  follow-up  data  at  age  7 
years  were  available  for  939  children.  Assessinents  included  repeated 
measurement  of  specific  IgE  to  food  and  inhalant  allergens,  measureinent 
of  indoor  allergen  exposure  at  6  months.  1 8  months,  and  3  years  iif  age. 
and  yearly  interviews  by  a  paediatrician.  At  age  7  years,  pulmonary 
function  was  tested  and  bronchial  hyper-responsiveness  was  measured  in 
645  children,  FINDINGS:  At  age  7.  the  prevalence  of  wheezing  in  the 
past  12  months  was  10.0%  (94  of  938).  and  6.1%  (57  of  939)  parents 
reported  a  doctor's  diagnosis  of  asthma  in  their  children.  Sensitisalion  to 
indoor  allergens  was  associated  with  asthma,  wheeze,  and  increased  bron- 
chial responsiveness.  However,  no  relation  between  early  indoor  allergen 
exposure  and  the  prevalence  of  asthma,  wheeze,  and  bronchial  hyper- 
responsiveness  was  seen.  INTERPRETATION:  Our  data  do  not  support 
the  hypothesis  that  exposure  to  environmental  allergens  causes  asthma  in 
childhood,  but  rather  that  the  induction  of  specific  IgE  responses  and  the 
development  of  childhood  asthma  are  determined  by  independent  factors. 

Relation  between  Respiratory  Changes  in  .Arterial  Pulse  Pressure 
and  Fluid  Responsiveness  in  Septic  Patients  with  .\cute  Circulatory 
Failure — Michard  F.  Boussat  S.  Chemla  D.  Anguel  N.  Mercat  A.  Lecar- 
pentier  Y.  et  al.  Am  J  Respir  Crit  Care  Med  2000  Jul;  1 62(  1 ):  134-138. 

In  mechanically  ventilated  patients  with  acute  circulatory  failure  related 
to  sepsis,  we  investigated  whether  the  respiratory  changes  in  arterial 
pressure  could  be  related  to  the  effects  of  volume  expansion  (VE)  on 
cardiac  index  (CI).  Forty  patients  instrumented  with  indwelling  systemic 
and  pulmonary  artery  catheters  were  studied  before  and  after  VE.  Max- 
imal and  minimal  values  of  pulse  pressure  (Pp,,,,,^  and  Ppn„n)  and  systolic 
pressure  (Ps^j,,  and  Ps„,„)  were  determined  over  one  respiratory  cycle. 
The  respiratory  changes  in  pulse  pressure  (APp)  were  calculated  as  the 
difference  between  Pp„„^  and  Ppm,„  divided  by  the  mean  of  the  two 
values  and  were  expressed  as  a  percentage.  The  respiratory  changes  in 
systolic  pressure  (APs)  were  calculated  using  a  similar  formula.  The 
VE-induced  increase  in  CI  was  a  15%  in  16  patients  (responders)  and  < 
15%  in  24  patients  (nonresponders).  Before  VE.  APp  (24  ±  9  versus  7  r 
3%,  p  <  0.001 )  and  APs  ( 15  ±  5  versus  6  ±  3'7r.  p  <  0.001 )  were  higher 
in  responders  than  in  nonresponders.  Receiver  operating  characteristic 
(ROC)  curves  analysis  showed  that  APp  was  a  more  accurate  indicator  of 
fiuid  responsiveness  than  APs.  Before  VE.  a  APp  value  of  13%  allowed 
discrimination  between  responders  and  nonresponders  with  a  sensitivity 
of  94%  and  a  specificity  of  96%.  VE  induced  changes  in  CI  closely 
correlated  with  APp  before  volume  expansion  (r"  =  0.  85.  p  <  0.001). 
VE  decreased  APp  from  14  i  10  to  7  ±  5%  (p  <  0.001 )  and  VE-induced 
changes  in  APp  correlated  with  VE-induced  changes  in  CI  (r^  =  0.72. 
p  <  O.OOI).  It  was  concluded  that  in  mechanically  ventilated  patients 
with  acute  circulatory  failure  related  to  sepsis,  analysis  of  APp  is  a  simple 
method  for  predicting  and  assessing  the  hemodynamic  effects  of  VE.  and 
that  APp  is  a  more  reliable  indicator  of  fiuid  responsiveness  than  APs. 

Ileniodynamic  lolerance  of  Intermittent  Hemodialysis  in  Critically 
III  Patients:  Usefulness  of  Practice  (iuidelines — Schorlgen  F.  Soubrier 
N.  Delclaux  C,  fhuong  M,  Girou  E.  Brun-Buisson  C.  et  al  Am  J  Respir 
Crit  Care  Med  2000  Jul;  162(  I ):  197-202. 
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WHEN  YOU'RE  ON  THE  FRONT  LINE 


ALWA 


REINFORCEMENT 


As  you  fight  to  save  lives,  you  re  also 
fighting  cost  pressures.  The  fact  is,  in 
today's  health  care  environment, 
effectively  administering  critical  care 
means  making  some  critical  decisions. 

To  do  this,  you  need  a  resource  that 
provides  more  than  just  products. 

Thafs  why  Respironics  is  committed  to 


Esprit:  Now  with  color  display 
and  new  graphic  options 


critical  care  verrtilators,  both  with  noninvasive 
ventilation  capability.  To  the  ve^  best 
people.  To  our  comprehensive,  seven-step 
Respiratory  Insufficiency  and  Failure 
Management  Program  thafs  unSke  anything 
in  the  industry.  All  designed  to  help  ensure 
you  can  keep  saving  lives.  And  save  money. 
To  find  out  how/  Respironks  can  become 


working  with  you  on  all  fronts.  From  technok)gically  advanced,     your  most  powerful  ally,  call  1 -800-345-6443. 

easytause   products   like   our   BiPAP"    \^sion     and    Esprit  PEOPLE.  PRODUCTS.  PROGRAMS. 
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FAILURE  MANAGEMENT  PROGRAM 


CHRONIC  OBSTRUCTIVE 
PULMONARY  DISEASE  PROGRAM 


ASTHMA  AND  ALLERGY  PROGRAM 
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Circle  130  on  product  info  card 


PROCESSOR 
UNDS  ^ 


I  PROGRAM  GUIDE 

PROGRAM  #1 

i     Taking  the  Mystery  Out  of 
I     Weaning  the  Pediatric  Patient 
3     from  the  Ventilator 

Peter  Betit.  BS.  RRZ  FAARC.  and  Richard 
D.  Branson.  BA.  RRT.  FAARC 

Learn  when  to  begin  the  process  and  how  to 
recognize  critical  events  in  weaning  a  pedi- 
atric patient.  Also  teaches  the  physiological 
differences  between  the  adult  and  pediatric 
'         patient  and  why  weaning  of  the  pediatric 
patient  Is  different.  The  presentation  con- 
fronts participants  with  options  in  providing 
assisted  ventilation  and  the  correct  selection 
of  options  that  expedite  weaning. 

Live  V;0-..  ■   ."  r''.-':-">i  r-  - 

March  13, 11:30  a.m.  - 1:00  p.m.  Central  Time 
April  10, 11:30  a.m.  - 12:00  Noon  Central  Time 


PROGRAM  #2 

Pulmonary  Rehabilitation: 
Standard  Care  for  Chronic  Lung 

Disease  Patients 

Trina  Umberg,  BS,  RRT,  and  Thomas  J. 

Kallstrom.  RRT  FAARC 

Presentation  details  when  to  refer  a  patient 
for  pulmonary  rehabilitation  and  the  four  ele- 
ments necessary  for  the  successful  opera- 
tion of  a  rehabilitation  service.  Details  how 
to  prepare  a  treatment  plan  during  assess- 
ment and  now  to  modify  It  based  on  subse- 
quent evaluations  as  well  as  how  to  Incor- 
porate rehabilitation  techniques  Into  routine 
bedside  therapy  sessions. 

_ive  Videoconference  - 

lyflarch  27,11:30  a.m.  - 1:00  p.m.  Central  Time 

!eieconference  with  Videotape  - 

April  17, 11:30  a.m.  - 12:00  Noon  Central  Time 

PROGRAM  #3 

Noninvasive  Ventilation: 
The  Latest  Word 
Dean  R.  Hess.  PhD,  RRT  FAARC,  and 
Richard  D.  Branson,  BA,  RRT,  FAARC 

Learn  how  to  avoid  intubation  In  the  acutely 
ill  patient  through  identification  of  patients 
most  likely  to  benefit  from  noninvasive  ven- 
tilation. Learn  selection  and  proper  fit  of  full 
masks  or  nasal  masks  and  how  to  select  the 
proper  ventilator  based  on  the  patient's 


condition  and  desired  outcomes.  Also  learn 
when  to  make  adjustments  to  achieve  the 
goals  of  unloading  respiratory  muscles  and 
achieving  good  patient/ventilator  synchrony. 

Live  Videoconference 

April  24, 11:30  a.m.  - 1:00  p.m.  Central  Time 

Teleconference  with  Videotape  - 

May  29, 11:30  a.m.  - 12:00  Noon  Central  Time 

PROGRAM  #4 

EcluL,aL,oLi  of  the  Patient  with  Asthma 
Tracey  Mitchell,  RRT,  RPFT,  and  Thomas  J. 
Kallstrom,  RRT  FAARC 

This  program  teaches  how  to  ensure  that 
patients  understand  the  disease  process  of 
asthma  and  their  care  plan  for  effective  dis- 
ease management.  And,  it  details  what 
patient  education  matenals  are  available, 
their  content,  where  to  find  them,  and  the 
best  methods  of  presentation.  Including  new 
terminologies,  analogies,  and  techniques. 

Live  Videoconference  - 

May  22, 11:30  a.m.  -  1:00  p.m.  Central  Time 

Teleconference  with  Videotape  - 

June  19, 11:30  a.m.  - 12:00  Noon  Central  Time 


PROGRAM  #5 

,ARDS: 

The  Disease  and  Its  Management 

Leonard  D.  Hudson,  MD,  and  David  J. 
Pierson,  MD,  FAARC 

Presents  the  four  diagnostic  criteria  for 
ARDS  and  the  six  clinical  hsk  factors  that 
place  patients  at  increased  likelihood  for 
developing  ARDS.  The  program  will  teach 
viewers  how  to  understand  the  implications 
of  the  lower  and  upper  inflection  points  on 
the  pressure-volume  curve  of  the  respira- 
tory system  in  ARDS  patients;  and  Instruct 
them  In  the  calculation  of  estimated 
required  tidal  volume. 

Live  Videoconference 

June  26, 11:30  a.m.  - 1:00  p.m.  Central  Time 

Teleconference  with  Videotape 

July  17, 11:30  a.m.  -  12:00  Noon  Central  Time 

PROGRAM  #6 

New  Hespiratory  Drugs: 
What,  When,  and  How? 

Joseph  L.  Rau.  PhD.  RRT  FAARC.  and 
Patrick  J.  Dunne,  MEd.  RRT  FAARC 


Introduces  participants  to  new  formulations 
such  as  racemic  drug  mixtures  and  single 
isomers  and  their  effective  duration  and  how 
they  lead  to  lower  costs  with  improved 
patient  responses.  Viewers  will  learn  the  use 
of  improved  anticholinergics  In  the  treat- 
ment of  asthma  patients  and  learn  the  uses 
and  effects  of  Inhaled  anti-infective  agents. 

Live  Videoconference  - 

Aug.14, 11:30  a.m.  -  1:00  p.m.  Central  Time 

Teleconference  with  Videotape  - 

Sept.11, 11:30  a.m.  - 12:00  Noon  Central  Time 

PROGRAM  #7 

Invasive  Veniilation: 
The  Latest  Word 

Richard  Kallet,  MS.  RRT  and  Richard  D. 
Branson.  BA,  RRT  FAARC 

Learn  how  proper  ventilator  management 
can  preclude  inflicting  harm  on  the  patient 
and  why  it  is  essential  for  the  clinician  to 
understand  the  function  and  mechanics  of 
newer  mechanical  ventilators.  Also  learn 
how  reducing  the  patient's  work  of  breath- 
ing Is  essential  in  reducing  the  additional 
load  on  ventilatory  musculature,  and  why 
relnflating  lungs  and  enhancing  the  func- 
tional area  of  the  lung  demands  extraordi- 
nary means. 

Live  Videoconference  - 

Sept.  25, 11:30  a.m.  -  1:00  p.m.  Central  Time 

Teleconference  with  Videotape  - 

Oct.  16, 11:30  a.m.  - 12:00  Noon  Central  Time 


PROGRAM  #8 

Test  Your  Lungs,  Know  Your 
Numbers,  Prevent  Emphysema 
Thomas  L.  Petty,  MD.  FAARC  and  David  J. 
Pierson.  MD.  FAARC 

Reviews  the  classic  signs  of  COPD  with  an 
emphasis  on  emphysema  and  a  discus- 
sion on  the  measures  used  to  relieve 
symptoms  and  slow  disease  progression. 
Covers  the  importance  of  pulmonary  func- 
tion tests  to  determine  VC,  FFC,  and  FEV,; 
and  why  getting  patients  to  know  their 
numbers  Is  the  key  to  early  diagnosis  and 
successful  treatment. 

Live  Videoconference  - 

Oct.  23, 11:30  a.m.  -  1:00  p.m.  Central  Time 

Teleconference  with  Videotape  - 

Nov.  20, 11:30  a.m.  -  12:00  Noon  Central  Time 
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ACCREDITATION 


RESPIRATORY  CARE: 

Each  program  approved  for  I  hour  of  continuing  education  credit  by  Continuing  Respiratory  Care  Education  (CRCE).  Purchase  of  videotapes 
only  does  not  earn  continuing  education  credit.  Registrants  must  participant  in  the  live  program  or  the  telephone  seminar  to  earn  continuing 
education  credits. 

NURSING: 

Each  program  is  approved  for  1 .2  hours  of  continuing  education  credit  by  the  Texas  Nurse  Association.  Purchase  of  videotape  only,  without 
live  question  and  answer  session,  does  not  earn  continuing  education  credit. 


REGISTRATION 


SINGLE  PROGRAfVlS 

$245  Per  Facility  ($215  for  AARC  Members) 

ENTIRE  SERIES  OF  EIGHT 

$1 ,395  Per  Facility-Save  $565 

($1 ,225  for  AARC  Members-Save  $495) 

LATE  REGISTRATION  FEE 

$15  (if  Registering  Within  One  Week  of  Program) 

Payment  Enclosed.  Charge  to:      Visa       Mastercard 

Zl  Purchase  Order  (RO.) 


Credit  Card  or  RO.  No. 
Exp.  Date 


Signature  (Required  lor  Credit  CaKj  and  P.O.) 

Amount  of  Order  $ AARC  Member  No. 


City/State/Zip  _ 
Telephone 


BILL  TO  (IF  DIFFERENT  FROM  SHIPPING  ADDRESS): 

Name . 

Title 


Department 
Facility  


Address 

City/State/Zip . 
Telephone 


RECEPTION  OPTIONS 

(You  Must  Select  One  Only) 

C  Live  Videoconference  (C-Band) 
G  Teleconference  with  Videotape 
n.  Videotape  Only  (No  CE  Credit)" 

•Wdeotapes  will  not  be  available  until  after  the  live  videoconference  and  do  not  mdude  course  rrtatenals. 


(Required  for  Discount) 


SHIP  PROGRAM  MATERIALS  TO  (NO  POST  OFFICE  BOXES): 

Name 

Title 

Department 

Facility 

Address 


CHECK  THE  DESIRED  PROGRAMS 

C  Entire  Series  of  Eight 
I  #1 

#2 

#3 

#4 

#5 

#6 

#7 

#8 
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E-mail  Address 
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Telephone  (972)  243-2272  •  Facsimile  (972)  484-2720 
11030  Abies  Lane  •  Dallas,  Texas  75229-4593 


Abstracts 


Poor  hemodynamic  tolerance  of  inlemiillcnt  hemodialysis  (IHD)  is  a 
common  problem  for  patients  in  an  intensive  care  unit  (ICU).  New  di- 
alysis strategies  have  been  adapted  to  chronic  hemodialysis  patients  with 
cardiovascular  insufficiency.  To  improve  hemodynamic  tolerance  of  IHD, 
specific  guidelines  were  progressively  implemciued  into  practice  through 
the  year  1996  in  our  26-bed  medical  ICU.  To  evaluate  the  efficiency  of 
these  guidelines  we  retrospectively  compared  all  IHD  performed  during 
(he  years  before  ( 1995)  and  after  ( 1997)  implementation  of  these  recom- 
mendations. Forty-five  patients  underwent  24S  IHD  .sessions  in  1995  and 
76  patients  underwent  289  IHD  .sessions  in  1997.  The  two  populations 
were  similar  for  age.  sc.x.  chronic  hemodialysis  (26')'r  versus  17%).  and 
secondary  acute  renal  failure.  In  1997.  patients  were  more  severely  ill 
with  a  higher  .S.AP.S  II  (50  ±  17  versus  59  ±  24;  p  =  0.0.16).  and  more 
patients  required  epinephrine  or  norepinephrine  infusion  before  dialysis 
sessions  (16'*  versus  34'7(;  p  <  0.0001).  The  compliance  to  guidelines 
was  high,  inducing  a  significant  change  in  IHD  modalities.  As  a  result, 
hemodynamic  tolerance  was  significantly  belter  in  1997.  with  less  sys- 
tolic blood  pressure  drop  at  onset  (i}9c  versus  21%.  p  =  0.  002)  and 
during  the  sessions  (68%  versus  56%.  p  =  0.002).  IHD  with  hypotensive 
episode  or  need  for  therapeutic  interventions  were  less  frequent  in  1997 
(71%  versus  61%,  p  =  0.015).  The  ICU  mortality  was  similar  (53.3%  in 
1995  versus  47.3%  in  1997;  p  =  0.52)  but  death  rate  in  1997.  but  not  in 
1995.  was  significantly  less  than  predicted  from  S.APS  II  (47.3%  versus 
65.6%;  p  =  0.02).  Length  of  ICU  stay  was  also  reduced  for  survivors  in 
1997  (p  =  0.04).  Implementation  of  practice  guidelines  for  intermittent 
hemodialysis  in  ICU  patients  lessens  hemodynamic  instability  and  may 
improve  outcome. 

The  Prevalence  of  (Gastroesophageal  Reflux  in  Asthma  Patients  with- 
out Reflux  .Symptoms — Harding  SM.  Guzzo  MR.  Richter  JE.  Am  J 
Respir  Crit  Care  Med  2000  Jul;162(  1  ):34-39. 

Gastroesophageal  retlux  is  a  potential  trigger  of  asthma  that  may  be 
clinically  silent.  This  study  examines  the  prevalence  of  gastroesophageal 
reflu.x  in  asthma  patients  without  reflux  symptoms.  This  prospective 
cohort  study  evaluated  26  patients  with  stable  asthma  without  reflux 
symptoms  using  esophageal  manometry  and  24-h  esophageal  pH  testing. 
Gastroesophageal  reflux  was  considered  present  if  esophageal  acid  con- 
tact times  were  abnormal.  Demographic  variables  were  analyzed  to  de- 
termine if  they  predicted  the  presence  of  ga.stroesophageal  reflux.  Asthma 
patients  with  asymptomatic  gastroesophageal  reflux  were  compared  with 
30  age-matched  asthma  patients  with  symptomatic  gastroesophageal  re- 
flux. The  prevalence  of  abnormal  24-h  esophageal  pH  tests  in  asthma 
patients  without  reflux  symptoms  was  62%  (16  of  26).  Demographic 
variables  did  not  predict  abnormal  24-h  esophageal  pH  tests  in  asthma 
patients  with  asymptomatic  gastroesophageal  reflux.  .Asthma  patients  with 
asymptomatic  gastroesophageal  reflux  had  higher  amounts  of  proximal 
esophageal  acid  exposure  (p  <  0.05)  compared  with  asthma  patients  with 
symptomatic  gastroesophageal  reflux.  Because  demographic  variables  do 
not  predict  abnormal  24-h  esophageal  pH  tests  in  asthma  patients  without 
reflux  symptoms.  24-h  esophageal  pH  testing  is  required.  This  study 
suggests  that  gastroesophageal  reflux  is  present  in  asthma  patients,  even 
in  (he  absence  of  esophageal  symptoms. 

DilTerences  in  incidence  of  Reported  Asthma  Related  to  A);e  in  Men 
and  Women:  .V  Retrospective  .Analysis  of  the  Data  of  the  European 
Respiratory  Health  .Survey — de  Marco  R.  Locatelli  F.  Sunyer  J.  Bur- 
nc>  P.  Am  J  Respir  Crit  Care  Med  2000  Jul;162(  1  ):68-74. 

.Sex  differences  in  asthma  prevalence  and  morbidity,  assessed  with  dif- 
ferent methods  in  different  populations,  have  raised  several  hypotheses 
about  the  different  susceptibility  to  asthma  in  men  and  women.  However, 
information  on  the  incidence  of  asthma  by  age  and  sex  is  limited.  The 
aim  of  this  study  was  to  estimate  the  age-  and  sex-specific  incidence  of 
asthma  from  birth  to  44  yr  of  age  in  men  and  women  across  several 


countries,  and  to  evaluate  the  main  factors  influencing  asthma  incidence 
in  young  adults.  The  data  of  the  European  Community  Respiratory  Health 
Survey,  an  international,  cross  sectional,  population-based  survey,  which 
were  collected  in  16  countries  from  i99f  to  1993  according  to  a  common 
protocol,  and  which  pertained  to  18.659  subjects,  were  analyzed  retro- 
spectively, using  the  reported  age  of  the  first  attack  as  the  onset  of 
asthma.  During  childhood,  girls  had  a  significantly  lower  risk  of  devel- 
oping asthma  than  did  boys  (relative  risk  |RR|:  0.74  and  0.56  in  the  0-  to 
5-yr  and  5-  to  10-yr  age  classes,  respectively).  Around  puberty,  the  risk 
was  almost  equal  in  the  two  sexes  (RR  =  0,84;  95%  confidence  interval 
[CI]:  0,65  to  1.10  in  the  10-  to  15-yr  age  class).  After  puberty,  the  risk  in 
women  was  always  significantly  higher  than  that  in  men  (RR:  1.38  to 
5,91).  This  pattern  was  consistent  in  all  of  the  16  countries  studied,  and 
was  not  influenced  by  recall  or  cohort  effects.  When  the  effects  of  airway 
caliber  and  smoking  were  studied  with  a  case  control  design,  the  results 
showed  that  women's  greater  susceptibility  to  asthma  in  early  adulthood 
was  at  least  partly  explained  by  their  smaller  airway  caliber  (the  OR 
decreased  from  2.  04  |95%  CI:  1.32  to  3.15]  to  1.47  [95%  CI:  0.89  to 
2.-14]  after  controlling  for  height  adjusted  FEV,);  while  smoking  did  not 
increase  the  risk.  This  analysis  strongly  confirms  that  the  incidence  of 
asthma  shows  a  sex  reversal  during  puberty,  and  suggests  that  airway 
caliber,  in  addition  to  hormonal  factors,  could  play  an  important  role  in 
explaining  the  different  patterns  of  asthma  incidence  in  men  and  women. 

Adverse  Ventilatory  Strategy  Causes  Pulmonary-to-Systemic  Trans- 
location of  Endotoxin — Murphy  DB.  Cregg  N.  Tremblay  L.  Engelberts 
D.  Laffey  JG.  Slutsky  AS,  et  al.  Am  J  Respir  Crit  Care  Med  2000 
Juki  62(0:27-33. 

Accumulating  evidence  strongly  suggests  that  ventilatory  strategy  has  an 
important  impact  on  development  of  lung  injury  and  patient  outcome. 
Adverse  ventilatory  strategies  have  been  shown  to  cause  release  of  pul- 
monary derived  cytokines  and  may  pennit  bacteriai  translocation  from 
the  lung  to  the  systemic  circulation.  Because  endotoxin  is  a  potent  and 
clinically  important  stimulant  of  cytokine-mcdiated  systemic  inflamma- 
tory  responses  that  can  lead  to  multiorgan  failure,  we  investigated  the 
effects  of  ventilatory  strategy  on  lung-to-systemic-translocation  of  endo- 
toxin. We  studied  the  effects  of  protective  (tidal  voIume-[VT-]  5  mL  ■  kg 
I,  positive  end-expiratory  pressure  [PEEP]  10  to  12.5  cm  HiO)  versus 
nonprotective  (V^^  (2  mL  •  kg  ',  PEEP  zero)  ventilatory  strategy  on  trans- 
location of  endotracheally  instiifed  endot<ixin.  Anesthetized  Neu  Zea- 
fand  White  rabbits  were  subjected  to  saline  lung  lavage,  and  32  were 
randomized  to  one  of  four  groups:  PS  (protective  ventilation  -t-  instilled 
saline);  PE  (protective  ventilation  +  instilled  endotoxin);  NS  (nonpro- 
tective ventilation  +  instilled  saline);  NE  (nonprotective  ventilation  -t- 
instilled  endotoxin),  and  ventilated  for  3  h.  Plasma  endotoxin  levels 
increased  significantly  in  the  NE  group,  and  reinained  low  and  unchanged 
in  the  other  groups.  Peak  levels  of  plasma  tuinor  necrosis  factor-alpha 
(TNF-a)  were  higher  in  NE  versus  other  groups.  P,,o,  and  mean  arterial 
pressure  (Pa)  were  lowest,  and  requirement  for  pressor  and  bicarbonate 
support  greatest,  in  the  NE  group.  Finaffy.  plasma  endotoxin  fe\els  were 
signiflcantfy  greater  in  eventuaf  nonsurvixors  than  sur\ Ivors.  These  data 
provide  convincing  e\  idence  for  pulmonary  translocation  of  lung-derived 
endotoxin.  This  translocation  depends  on  ventilatory  strategy,  and  sug- 
gests a  pathophysiologic  Imk  between  ventilatory  strategy  and  outcome. 

Respiratory  Disturbance  Index:  An  Independent  Predictor  of  .Mor- 
tality in  Coronary  Artery  Disea.se — Peker  Y.  Hedner  J.  Kraiczi  H.  Loth 
S.  Am  J  Respir  Crit  Care  Med  2000  Ju(;162(l  ):8l-86. 

Cardiovascular  mciriality  was  prospectively  unestigaled  In  consecutive 
coronary  artery  disease  (CAD)  patients  with  versus  without  obstructive 
sleep  apnea  (OSA)  during  a  follow  up  period  of  5  yr.  .An  overnight 
sleep/ventilalory  study  was  performed  in  patients  requiring  intensive  care 
(n  =  62.  mean  age  67.6  ±   10.4  yr.  range  44  to  86)  during  a  stable 
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WHEN  YOUR  PATIENTS  CAN'T  BREATHE,  THEY  RELY  ON  YOU. 
'  H.^  THAT'S  WHY  YOU  NEED  THE  LATEST  INFORMATION 
^  ABOUT  THE  CARE  AND  TREATMENT  OF  ASTHMA 

^^#^?y        Continuing  Education  Products  that  You  Can  Rely 
C?V  on  TO  Help  Your  Patients  Breathe  Easier 


Earn  CoffnNuiNO  Education  CREorr  wtth 

Asthma  Disease  State  Manaqement  Estabushino  a  PAfnNERSHip 

A  three-part  video  program  that  provides  instruction  in  how  to  create  an  effective 
asthma  disease  management  program  in  your  facility  and  covers  diagnosis,  phar- 
macological therapy,  environmental  controls,  patient/famlly  education,  and  case 
studies.  Approved  for  two  hours  of  continuing  education  credit  by  CRCE  and 
nursing  CE  credit.  Includes  workbook.  110  min. 
Item  PA101  $79.95  ($»4.95  nonmembers) 

Status  Asthmaticus  S<MuumoN 

Involves  the  initial  assessment  of  a  35-year-old  man  with  a  history  of  allergic 

asthma.  Low-flow  oxygen  is  administered  initially,  followed  by  bronchodilator 

therapy.  As  the  simulation  progresses,  the  patient  is  intubated  and 

receives  mechanical  ventilation.  The  user  is  required  to  make 

Initial  settings  and  adjustments  according  to  ABG  results  and 

patient  response.  Also  included  in  the  simulation  is  a  switch  to 

IMV  mode,  sedation,  and  eventual  extubation  and  placement 

on  a  40  percent  aerosol  mask.  CAI  Software  (Requires 

Windows'  3.1). 

Kern  SP1 2  $65.00 

Chronic  Obstructive  Pulmonary  Disease  (COPD)  Simulation 

The  user  is  asked  to  perform  initial  assessment  and 

pulmonary  function  studies  on  a  patient  with  chronic  lung 

disease.  Then,  the  user  classifies  the  patient's  disease  as  mild. 

moderate,  severe  restrictive,  and/or  obstructive  disease.  The  simulation  asks  for 

home  care  and  home  equipment  cleaning  recommendations.  Three  months  later 

the  patient  enters  the  ER  with  respiratory  distress,  requiring  initial  evaluation  and 

therapy.  CAI  Software  (Requires  Windows'  3.1). 

Item  SP1 4  $65.00 

Bronchooilators  I:  Sympathomimetic  Amines 

Understand  the  results  of  stimulating  the  autonomic  nervous  system  and  the  use 
of  sympathomimetic  drugs  to  accomplish  bronchodilation.  Exposes  you  to  basic 
aspects  of  adrenergic  bronchodilators  and  the  patient  situations  for  which  they 
are  indicated.  Individual  Independent  Study  Package  (lISP). 
Item  CS14  $12.00  ($16.00  nonmembers) 

Bronchodilators  II:  Anti-Chounerqics  and  Xanthines 

Identifies  the  three  categories  of  drugs  that  promote  bronchodilation  and  the 
mechanism  of  action  for  each.  This  package  also  provides  examples  of  drugs  in 
each  category.  Clinical  situations  are  presented  with  methods  of  bronchodilation 
and  rationale  for  method  selected.  Individual  Independent  Study 
Package  (lISP). 

Item  CS15  $12.00  ($16.00  nonmembors) 

Asthma  Druos  and  Medications:  What's  Riqkt  and 
What's  Wrono 

Reviews  the  pharmacology  section  of  the  revised 
NAEPP  Guidelines.  Additionally,  the  potential 
hazards  and  undesirable  side  effects  of  commonly 
prescribed  medications  will  be  discussed,  with  alter- 
native treatment  regimens  suggested.  Featuring 
William  Luskin.  MD,  and  David  J.  Pierson.  MD.  80-min. 
videotape. 
Item  VC81  $40.95  ($89.00  nonmembere) 

The  Respiratory  Therapist  and  Disease  State  Manaqement 

Highlights  how  one  group  of  respiratory  therapists  successfully  established  an 
asthma  management  program.  Discusses  development  of  relationships  with 
third-party  payers  and  how  RTs  are  demonstrating  their  value.  Featuring  Barbara 
Hendon.  BA,  RRT,  and  Sam  P  Giordano,  MBA,  RRT  80-min.  videotape. 
Item  VC82  S49.95  ($99.00  nonmembors) 

Asthma  Disease  Manaqement.  Usinq  the  Revwed  NAEPP  Guideunes  in  Practice 

Learn  the  four  essential  components  of  the  NAEPP  Guidelines  that  are  essential 


to  asthma  disease  management  and  how  these  components  are  incorporatt 
into  a  comprehensive  asthma  management  program  in  the  work  setting,  from  tf 
hospital  to  home  care.  Featuring  Thomas  J.  Kallstrom.  RRT.  Gretchen  Lawrenc 
BA.  RRT,  and  Sam  R  Giordano.  MBA,  RRT.  80-min.  videotape. 
Item  VC74  $48.95  ($09.00  nonmembera) 
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In  2001,  the  premier  respiratory  therapy  meeting  will  be  held  Dec.  1-4 
in  San  Antonio,  Texas.  For  47  years  the  AARC  has  sponsored  the 
"gold  standarc  "  of  respiratory  care  meetings.  As  the  longest-running 
respiratory  therapy  convention  in  the  world,  the  AARC's  annual 
show  boasts: 

•  The  lowest  cost  of  continuing  education  per  credit  of 
any  show,  anywhere. 

•  The  largest  and  most  impressive  exhibit  hall  with  the  most  v" 
from  which  you  can  make  purchases  on  the  spot! 

•  The  largest  gathering  of  respiratory  care  expert    in  the  world. 

•  The  most  diverse  and  most  dynamic  series  of  lectures,  with  more 
respiratory  topics  than  any  other  meeting. 
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Abstracts 


condition  (New  York  Heart  Association  [NYHA]  functional  class  l-II)  4 
to  21  mo  after  discharge  from  the  hospital.  OSA.  defined  as  a  respiratory 
disturbance  index  (RDI)  of  10/h  or  more  was  found  in  19  patients  (mean 
RDI  17.5  Lt  8..1).  Three  OSA  subjects  who  were  successfully  treated  with 
conlinuous  positive  airway  pressure  (CPAPl  during  the  observation  pe- 
riod were  excluded  from  the  final  analysis.  There  was  no  statistically 
significant  difference  (Fisher  two-tailed  exact  lest)  between  the  OSA  and 
non-OSA  patient  group.s  in  terms  of  number  of  elderly  subjects  (age  s  65 
yr).  gender,  obesity  (body  mass  index  [BMI]  a  .^0  kg/m").  smoking 
history,  presence  of  hypertension,  diabetes  mellitus.  hypercholesterol- 
emia, or  history  of  myocardial  infarction  at  the  study  start.  During  the 
follow-up  period,  cardiovascular  death  occurred  in  six  of  16  OSA  pa- 
tients (.17. .'5%)  compared  with  4  (9..^%)  in  the  non-OSA  group  (p  = 
0.018).  The  univariate  predictors  of  cardiovascular  mortality  were  RDI 
(p  =  0.007).  OSA  (p  =  0.014).  age  at  baseline  (p  =  0.028).  hypertension 
at  baseline  (p  =  0.036).  history  of  never-smoking  (p  =  0.0.31).  and 
digoxin  treatment  during  the  follow-up  period  (p  =  0.013).  In  a  Cox 
multiple  conditional  regression  model.  RDI  remained  as  an  independent 
predictor  of  cardiovascular  mortality  (exp  /3  =  1.13.  95'7r  confidence 
interval  |C1]  1.05  to  1.21.  two-sided  p  <  0.001).  We  conclude  that 
untreated  OSA  is  associated  with-an  increased  risk  of  cardiova.scular 
mortality  in  patients  with  CAD.  Furthermore,  it  appears  appropriate  that 
RDI  is  taken  into  consideration  when  evaluating  secondary  prevention 
models  in  CAD. 


Comparison  of  Esophageal  Pressure  with  Pulse  Transit  Time  As  a 
Measure  of  Respiratory  Kffort  for  Scoring  Obstructive  Nonapneic 
Respiratory  Events — Argod  J.  Pepin  JL.  Smith  RP.  Levy  P.  Am  J 
Respir  Cnt  Care  Med  2000  Jul;162(  l):87-93. 

Obstructive  nonapneic  respiratory  events  (ONAREs)  are  much  more  dif- 
ficult to  detect  and  classify  than  apneas  unless  sensitive  measures  of 
respiratory  effort  and  airfiow  are  employed.  The  aim  of  this  study  was  to 
compare  two  measures  of  respiratory  effort,  esophageal  pressure  moni- 
toring (Pes)  and  pulse  tran.sit  time  (PTT).  for  scoring  of  ONAREs  by 
visual  analysis.  Nine  men  (age  49  ±  10  yr)  with  mild  to  moderate  sleep 
apnea  syndrome  (AHI  of  25.1  ±  I0.8/h)  were  studied  and  340  ONAREs 
(hvpopncas  and  upper  airway  resistance  episodes)  were  randomly  se- 
lected lor  scoring  by  two  experienced  observers.  Each  observer  blindly 
scored  each  (JNARE  twice  (once  with  Pes  and  once  with  PTT)  with  a 
concurrent  pneumolachography  trace  available  for  airfiow  quantification. 
This  permitted  the  respiratory  events  scored  with  PTT  to  be  compared 
with  those  scored  with  Pes.  and  in  addition  inlerobserver  variability  could 
be  assessed  for  each  signal.  Even  though  standard  criteria  were  used  for 
scoring,  there  was  significant  inlerobserver  variability  for  both  Pes  (29.7%) 
and  PTT  (37.l'7r).  Taking  those  events  for  which  there  was  agreement 
between  the  observers.  PTT  had  a  sensitivity  of  79.9%  and  a  positive 
predictive  value  of  91.2%  (using  Pes  as  the  gold  standard).  In  those 
ONAREs  for  which  there  was  agreement  between  the  two  observers  there 
was  a  larger  percentage  reduction  in  airfiow  compared  to  ONAREs  that 
did  not  concur  (51  versus  30.3%.  p  <  0,001).  a  larger  increase  in  respi- 
ratory effort  as  assessed  by  PTT  (slope  of  PTT:  23.1  versus  14.  3  arbi- 
trary units,  p  <  0.01 ).  and  a  higher  incidence  in  autonomic  microarousals 
detected  with  PTT  (90  versus  45%  of  ONAREs.  p  <  0.006).  Subtle 
respiratory  events  are  more  difficult  to  detect  than  apneas  or  frank  hy- 
popneas.  When  comparing  PTT  with  esophageal  pressure  in  delecting 
those  events  the  sensitivity  of  PTT  is  good  but  limited  when  the  reduction 
in  airflow,  the  increase  in  respiratory  effort,  or  the  arousal  reaction  is  the 
less  clear.  However.  PTT  appears  to  be  a  good  noninvasive  alternative  to 
Pes  in  the  detection  of  nonapneic  obslrucli\e  respiratory  events,  and  its 
ability  10  detect  autonomic  arousal  gives  this  physiological  signal  added 
clinical  usefulness. 


.Accuracy  of  an  I  nattended  Home  CPAP  Titration  in  the  Treatment 
of  Obstructive-Sleep  Apnea — Series  I-.  Am  J  Respir  Cm  Care  Med 
2000  Jul;  162(1  ):94-97. 

Trealmcnt  of  sleep  apnca-hypopnea  syndnnnc  |S,-\HS|  by  fixed  contin- 
uous posilivc  airway  pressure  (CPAP)  requires  an  in-laboralory  lilralion 
procedure  lo  determine  the  effective  pressure  level  I  Pelf  ).  We  recently 
reported  Ihal  one  auto-CPAP  machine  can  be  used  wilhoul  lilralion  study 
allowing  Pelf  determination.  The  aim  of  this  study  was  lo  evaluate  the 
accuracy  of  an  auto-CPAP  trial  at  home.  A  I-  or  2-wk  automatic  CPAP 
trial  was  done  at  home  in  40  patients  by  estimating  the  reference  pressure 
(Pref  )  to  be  set  and  a  Pref  -I-  3  cm  H,0/4  cm  H,0  pressure  intenal.  Peff 
was  then  determined  according  to  the  percentage  of  CPAP  lime  that  was 
spent  <  Pref.  This  Peff  value  was  set  on  a  fixed  CPAP  machine  for  two 
additional  weeks  and  a  control  sleep  study  was  done.  The  pressure  setting 
on  fixed  CPAP  had  lo  be  increased  by  1  ±  1  cm  H,0  (mean  ±  SD)  above 
estimated  Pref.  Sleep  improved  wilh  fixed  CPAP.  with  a  normalization  of 
the  apnea  +  hypopnea  index  I  AHI)  in  38  of  40  and  resumption  of  diurnal 
hypersomnolence.  CPAP  compliance  remained  excellent  (CPAP  use; 
6.1  ±  1.7  h/nighl)  after  6.5  ±  2.8  mo  of  CPAP  treatment.  These  results 
indicate  that  auto-CPAP  therapy  represents  a  new  useful  and  accurate 
way  to  identify  conventional  CPAP  setting  outside  hospital  and  sleep 
laboratories. 

Withdrawal  of  Chronic  Systemic  Corticosteroids  in  Patients  with 
COPD:  A  Randomized  Trial— Rice  KL.  Rubins  JB.  Lcbahn  F.  Parenti 
CM.  Duane  PG,  Kuskowski  M.  el  al.  Am  J  Respir  Cnt  Care  Med  2000 

Jul;162(l):I74-178. 

The  benefits  of  chronic  systemic  corticosteroids  for  patients  with  chronic 
obstructive  pulmonary  disease  (COPD)  are  not  well  established.  To  de- 
termine whether  chronic  corticosteroid  treatment  can  be  safely  with- 
drawn in  "steroid-dependent"  COPD  patients,  we  performed  a  double- 
blind,  placebo-controlled  study  of  38  patients  with  steroid-dependent 
COPD.  Patients  were  randomly  assigned  to  receive  their  usual  mainte- 
nance prednisone  dose  for  6  mo  (continuous  group)  or  to  be  ttilhdrawn 
from  prednisone  at  a  rate  of  5  mg  per  week  (demand  group).  The  number 
of  COPD  exacerbations  per  patient  (primary  outcome)  was  2.5  ±  2.7 
(mean  ±  SD)  in  the  continuous  group  and  2.7  ±  2.5  in  the  demand  group 
(p  =  0.60.  95%  confidence  interval  for  the  difference:  -1.1  to  1.7). 
Spirometric  results,  dyspnea,  and  health-related  quality  of  life  did  not 
differ  significantly  in  the  two  groups.  The  average  daily  corticosteroid 
dose  was  10.7  ±  5.2  mg  In  the  continuous  group  and  6.3  ±  6.4  mg  In  the 
demand  group  (p  =  0.003).  Weight  decreased  in  the  demand  group  by 
4.8  ±  2.0  kg.  compared  with  an  Increase  In  the  continuous  group  of  0.5  ± 
3.5  kg  (p  =  0.007).  Discontinuation  of  chronic  systemic  corticosteroid 
treatment  in  steroid-dependent  COPD  patients  did  not  cause  a  significant 
increase  in  COPD  exacerbations,  but  did  reduce  total  systemic  cortico- 
steroid use  and  body  weight.  Larger  studies  may  be  warranted  to  estab- 
lish the  relative  risks  and  benefits  of-chronic  corticosteroid  treatment  of 
patients  with  COPD. 

Factor  Analysis  of  Changes  in  Dyspnea  and  Lung  Function  Param- 
eters after  Bronchodilation  in  Chronic  ()bslructi>c  Pulmonary  Dis- 
ease— Taube  C.  Lehnlgk  B.  Paa.sch  K.  KIrsien  DK.  Jorres  RA.  Magnus- 
sen  H.  Am  J  Respir  Cril  Care  Med  2000  Jul;162(  1  ):216-220. 

Expiratory  airway  collapse  is  a  characteristic  feature  In  patients  with 
chronic  obstructive  pulmonary  disease  (COPD).  We  hypothesized  that 
this  collapse  might  mask  the  effects  of  bronchodilators  during  forced 
expiration  but  not  during  forced  inspiration,  and  that  accordingly,  the 
Improvement  In  forced  Inspiration  and  not  thai  in  forced  expiration  with 
bronchodilator  therapy  wciuld  be  related  to  changes  In  the  perception  of 
dyspnea.  In  order  to  in\cstlgatc  this,  we  conducted  lung  function  mea- 
sureinents.  Including  measurements  of  forced  insplratii)n  and  expiration 
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Mechanical 
Ventilation 

Neil  R.  Maclntyre.  MD:  and 
Richard  D.  Branson,  RRT 
Here's  a  practical,  clinical 
approach  to  managing  mechani- 
cal ventilation  that  covers  the  full 
spectrum  of  mechanical  ventilation  principles 
and  practices. 

2001 '  544  pp.,  222  lllus.  -  07216-7361-9  -  S59.00 
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Cardiopulmonary 
Anatomy  and 
Physiology 


George  H.  Hicks.  RRT 
Over  300  bnlliant.  full-color 
illustrations  bnng  anatomy  and 
physiology  to  life  in  this  must-have  resource 
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before  and  30  min  after  inhalation  of  400  niicrog  salbutamol.  in  fil 
patient.s  with  COPD  (mean  FEV,:  38.  3  L;  range:  12.9  to  79.5'7r  predict- 
ed). The  change  In  dvspnea  from  baseline  was  assessed  with  a  standard 
visual  analogue  scale  ( VAS )  ranging  from  - 1 00  to  +  1 00.  To  delineate  the 
relationship  between  parameters,  we  used  the  statistical  procedure  of 
factor  analysis.  Salbutamol  induced  an  improvement  of  0.16  ±  0.02  L 
(mean  -  SD)  in  FEV,,  0.36  ±  0.04  L  in  forced  inspiratory  volume  in  one 
.second  (FEV,),  0.30  ±  0.04  L  in  inspiratory  capacity  (IC).  and  -0.34  ± 
0.07  L  in  intrathoracic  gas  volume;  the  mean  VAS  score  was  36.4  ±  3.2. 
Factor  analysis  demonstrated  that  the  reduction  in  dyspnea  at  rest  was 
primarily  associated  with  changes  in  parameters  describing  forced  inspi- 
ration and  not  with  those  of  forced  c.vpiralion  or  lung  hyperinllation. 
including  IC,  Our  data  indicate  that  in  patients  with  COPD.  the  reduction 
in  dyspnea  after  inhalation  of  a  /3,-adrcnoreceptor  agonist  is  closely 
correlated  with  the  change  in  parameters  of  forced  inspiration,  and  par- 
ticularly FIV I ,  but  not  with  changes  in  parameters  of  forced  expiration  or 
lung  hyperinflation. 

A  Prospective,  Miilticcnter  Study  of  the  Epidemiology,  Management, 
and  Outcome  of  Severe  Acute  Renal  Failure  in  a  "Closed"  ICU 
System — Cole  1.,  Bellomo  R,  Siheslcr  W ,  Reeves  JH,  for  the  Victorian 
Severe  Acute  Renal  Failure  Study  Group.  Am  J  Respir  Crit  Care  Med 

2000  JuU162(l):191-196. 

The  safety  and  effectiveness  of  "closed"  intensive  care  units  (ICL's)  are 
highly  controversial.  The  epidemiology  and  outcome  of  acute  renal  fail- 
ure (ARF)  requinng  replacement  therapy  (severe  ARF)  within  a  "closed" 
ICU  system  are  unknown.  Accordingly,  we  performed  a  prospective 
3-mo  multicenter  observational  study  of  all  Nephrology  Units  and  ICUs 
in  the  State  of  Victoria  (all  "closed"  ICUs),  Australia,  and  focu.sed  on  the 
epidemiology,  treatment,  and  outcome  of  patients  with  severe  ARF.  We 
collected  demographic,  clinical,  and  outcome  data  using  standardized 


case  report  forms.  Nineteen  ward  patients  and  1 16  adult  ICU  patients  had 
severe  ARF  ( 1 3.4  cases/ 100.(K)0  adults/yr).  Among  the  ICU  patients  with 
severe  ARF,  37  had  impaired  baseline  renal  function,  91  needed  venti- 
lation, and  95  needed  vasoactive  drugs.  Intensivists  controlled  patient 
care  in  all  cases.  Continuous  renal  replacement  therapy  (CRRTi  was  used 
in  1 1 1  of  the  ICU  patients.  Nephrological  opinion  was  sought  in  only  30 
cases.  Predicted  mortality  was  59.6^< .  Actual  niorlalily  was  49.2';r.  Only 
1 1  ICU  survivors  were  dialysis  dependent  at  hospital  discharge.  In  the 
state  of  Victoria,  Australia,  intensivists  manage  severe  ARF  within  a 
"closed"  ICU  system.  Renal  replacement  is  typically  continuous  and 
outcomes  compare  favorably  with  those  predicted  by  illness  severity 
scores.  Our  Tindings  support  the  safety  and  efficacy  of  a  "closed"  ICU 
model  of  care. 


Noninvasive  versus  Invasive  Microbial  Investigation  in  Ventilator- 
Associated  Pneumonia:  Evaluation  of  Outcome — Ruiz  M,  Torres  A, 
Ewig  S.  M.iivos  MA.  Alcon  .-\.  Llcdo  R,  cl  al.  Am  J  RcspirCrit  Care  Med 
2000  Jul;162(l);119-12.'i. 

Noninvasive  and  invasive  diagnostic  techniques  have  been  shown  to 
achieve  comparable  performances  in  the  evaluation  of  suspected  venti- 
lator-associated pneumonia  (VAP).  We  studied  the  impact  of  both  ap- 
proaches on  outcome  in  a  prospective,  open,  and  randomized  study  in 
three  intensive  care  units  (ICUs)  of  a  1,000-bed  tertiary  care  university 
hospital.  Patients  with  suspected  VAP  were  randomly  assigned  to  non- 
invasive (Group  I )  versus  invasive  (Group  2)  investigation  (tracheobron- 
chial aspirates  H  B.^SI  \  ersus  bronchoscopieally-relneved  protected  spec- 
imen brush  |PSB|  and  bronchoaheolar  lavage  [BALI. Samples  were 
cultured  quantitatively,  and  BAL  lluid  (B-\LF)  was  examined  for  intra- 
cellular organisms  (ICO)  additionally.  Initial  empiric  antimicrobial  treat- 
ment was  administered  following  the  guidelines  of  the  American  Tho- 
racic Socictv  (ATS)  and  adjusted  according  to  culture  results  (and  ICO 
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counis  in  Group  2).  Outcome  variables  included  length  of  ICU  stay  and 
mechanical  ventilation  as  well  as  mortality.  Overall.  76  patients  (39 
noninvasive.  37  invasive)  were  investigated.  VAP  was  microbiologically 
conlirined  in  23  ol'  39  (.'i99;  1  and  23  oC  37  (62';f )  (p  =  0.78).  There  were 
no  dillerences  with  regard  to  the  frequencies  of  community-acquired  and 
potentially  drug-resistant  microorganisms  (PDRM).  Antimicrobial  treat- 
inent  was  changed  in  seven  patients  (18%)  of  Ciri)up  I  and  10  patients 
(27%)  of  Group  2  because  of  etiologic  findings  (including  five  of  17  with 
ICO  =  2%  (p  =  not  significant  jNSl).  Length  of  ICU  stay  and  mechan- 
ical ventilation  were  also  not  significantly  different  in  both  groups.  Crude 
.30-d  mortality  was  31  of  76  (41%).  and  18  of  39  (46%)  in  Group  I  and 
14  of  37  (38%)  in  Group  2  (p  =  0.46).  Adjusted  mortality  was  16% 
versus  11%  (p  =  0.53),  and  mortality  of  microbiologically  confirmed 
pneumonia  10  of  23  (44%)  in  both  groups  (p  =  1.0).  We  conclude  that 
the  outcome  of  VAP  was  not  inlluenced  by  the  techniques  used  for 
microbial  investigation. 

Permi-ssive  Hypercapnia  Impairs  Pulmonary  Ga.s  Exchange  in  the 
Acute  Respiratory  Distress  .Syndrome — Feihl  F.  Eckert  P.  Brimioulle 
S,  Jacobs  O,  Schaller  MD.  Mclot  C,  Naeije  R.  Am  J  Respir  Crit  Care 
Med  2000  JuU162(  I  ):2()9-215. 

Current  recommendations  for  mechanical  ventilation  in  the  acute  respi- 
ratorydistress  syndrome  (ARDS)  include  the  use  of  small  tidal  volumes 
(  Vt).  even  at  the  cost  of  respiratory  acidosis.  We  evaluated  the  effects  of 
this  permissive  hypercapnia  on  pulmonary  gas  exchange  with  the  mul- 
tiple inert  gas  elimination  technique  (MIGHT)  in  eight  patients  with 
ARDS.  After  making  baseline  measurements,  we  induced  permissive 
hypercapnia  by  reducing  Vt  from  10  ±  2  mL/kg  to  6  ±  1  mL/kg 
(mean  ±  SEM)  at  constant  positive  end-expiratory  pressure.  After  res- 
toration of  initial  Vx-  we  infused  dobutamine  to  increase  cardiac  output 
(Q)  by  the  same  amount  as  with  hypercapnia.  Permissive  hypercapnia 
increased  0  hy  an  average  of  1 .4  L  •  min  '  ■  m".  decreased  arterial  oxygen 
tension  from  109  ±  10  mm  Hg  to  92  ±  1 1  mm  Hg  (p  <  0.05),  markedly 
increased  true  shunt  (Qs/Q  t).  from  32  ±  6%  to  48  ±  5%  (p  <  0.0001 ). 
and  had  no  effect  on  the  dispersion  of  AJQ/Vj^/Q.  On  reinstatement  of 
baseline  V^-  with  maintenance  of  a  high  Q,  Q  s'Q  t  remained  increased, 
to  38  ±  6%  (p  <  0.05).  and  P^o,)  remained  decreased,  to  93  ±  4  mm  Hg 
(p  <  0.  05).  These  results  agreed  with  effects  of  changes  in  V^^  and  Q 
predicted  by  the  mathematical  lung  model  of  the  MIGET.  We  conclude 
that  permissive  hypercapnia  increases  pulmonary  shunt,  and  that  deteri- 
oration in  gas  exchange  is  explained  by  the  combined  effects  of  increased 
Q  and  decreased  alveolar  ventilation. 

Ventilator-Induced  Overdistension  in  Children:  Dynamic  versus  Low - 
Flow  Inflation  \oIume-Pressure  Curves — Neve  V,  de  la  Roque  ED. 
Leclerc  F.  Leteunre  S.  Dorkenoo  A.  Sadik  A.  et  al.  Am  J  Respir  Crit  Care 
Med  2(MX)  Jul;l62(  I  );1.39-I47. 

We  applied  to  20  paralyzed  venlilatcd  children  (0.15  to  14.3  yr.  six  with 
acute  respiratory  distress  syndrome  [ARDS])  the  low-tlow  inflation  (LFI) 
technique  providing  quasi-static  volume-pressure  iV-P)  curves  and  com- 
pared the  assessment  of  overdistension  (OD)  on  dynamic  and  LFI  (ref- 
erence) inspiratory  V-P  cun'es.  Dynamic  curves  were  obtained  at  the 
airway  opening  during  regular  constant  flow  ventilation  (Servo  3{K)). 
Then  LFI  curves  were  obtained.  Two  analyses  were  performed:  First,  the 
nonlitiear  coefficient  c  of  a  second  order  polynomial  equation  (SOPE) 
fitted  to  dynamic  data  obtained  during  constant  fiow  was  compared  with 
the  c  of  SOPE  fitted  to  LFI  curve  (within  tidal  volume  I V,  |).  Second,  the 
dynamic  C20/C  (ratio  of  compliance  of  the  last  20%  of  the  curve  (C201 
to  total  compliance  [C])  was  compared  with  the  delennination  of  the 
upper  inflection  point  (UIP)  on  the  LFI  curve.  OD  was  defined  as  a 
negative  value  of  c.  a  C20/C  <  0.80.  an  UIP  included  within  the  V.^  range 
for  that  child  during  regular  ventilation.  Using  LFI  V-P  curves  as  refer- 
ence. SOPE  offered  a  better  detection  of  OD  than  dynamic  C20/C  or  the 


determination  of  the  UIP  by  graphical  means.  Indeed  the  first  analysis 
showed  a  substantial  agreement  (k  =  0.75)  between  dynamic  c  and  LFI 
c  detection  of  OD  whereas  the  second  analysis  showed  a  poor  agreement 
(K  =  0.22)  between  C20/  C  and  LFI  detection  of  the  UIP.  In  conclusion, 
quasi-static  V-P  curves  can  easily  be  obtained  in  children  with  the  LFI 
technique.  SOPE  offers  a  good  detection  of  OD  on  dynamic  and  LFI  V-P 
curves  but  the  C20/C  index  seems  to  be  an  inadequate  measure  of  OD. 

Airway  Complications  Following  Pediatric  l.ung  and  Heart-Lung 
Transplantation — Kaditis  AG.  Gondor  M.  Nixon  PA.  Webber  S.  Kecnan 
RJ.  Kaye  R.  Kurland  G.  Am  J  Respir  Crit  Care  Med  20(H)  Jul;162(l); 
301-309. 

Obstruction  at  the  airway  anastomosis  is  a  recognized  complication  of 
adult-heart-lung  transplantation  (HLT)  and  lung  transplantation  (LT). 
Data  for  pediatric  transplantation  have  been  scarce.  We  reviewed  our 
experience  in  pediatric  HLT  and  LT  to  determine  the  frequency  of  airway 
complications  and  to  document  the  therapeutic  modalities  used  for  their 
treatment.  Fifty-three  patients  (median  age:  13.8  yr;  range:  1.3  to  28.2  yr) 
underwent  HLT  (n  =  25),  SLT  (n  =  3),  DLT  (n  =  25).  or  repeat  DLT 
(n  =  3)  and  survived  for  more  than  72  h.  Major  anastomotic  airway 
complications  requiring  intervention  affected  one  of  the  25  HLT  (4%) 
and  seven  of  the  28  LT  (SLT  +  DLT)  patients  (25%)  (p  =  0.05).  Four 
patients  with  granulation  tissue  occluding  the  airway  were  treated  with 
forceps  resection,  laser  ablation,  or  balloon  dilatation.  Three  patients  with 
fibrotic  strictures  received  silicone  stents,  laser  ablation,  or  balloon  di- 
latation. Two  patients  with  bronchomalacia  or  diffuse  stncture  below  the 
anastomosis  underwent  metal  stent  placement.  Five  of  seven  patients 
who  were  treated  for  anastomotic  complications  had  satisfactory  relief  of 
airway  obstruction.  As  compared  with  previously  studied  adults,  pediat- 
ric heart-lung  transplant  recipients  had  the  same  or  a  lower  frequency, 
and  pediatric  lung  transplant  recipients  had  a  higher  frequency  of  major 
anastomotic  airway  complications.  A  variety  of  treatment  modalities  were 
necessary  to  achieve  adequate  relief  of  airway  obstruction. 

A  Randomized,  Controlled  Crossover  Trial  of  Two  Oral  .Appliances 
for  Sleep  Apnea  Treatment— Bloch  KE.  Iseli  A.  Zhang  JN.  Xie  X. 
Kaplan  V.  Stoeckli  PW.  Russi  EW.  Am  J  Respir  Cnt  Care  Med  2000 
Jul;  1 62(0:246-25 1. 

Our  purpose  was  to  compare  the  effectiveness  and  side  effects  of  a  novel, 
single-piece  mandibular  advancement  device  (OSA-Monobloc)  for  sleep 
apnea  therapy  w  ith  those  of  a  two-piece  appliance  w  ith  lateral  Herbst 
attachments  (OSA-Herbst)  as  used  in  previous  studies.  An  OSA-Mono- 
bloc and  an  OSA-Herbst  with  equal  protrusion  were  fitted  in  24  obstruc- 
tive sleep  apnea  patients  unable  to  use  continuous  positive  airway  pres- 
sure (CPAP)  therapy.  After  an  adaptation  period  of  156  ±  14  d  (mean  ± 
SE),  patients  used  the  OSA-Monobloc.  the-OSA-Herbst.  and  no  appli- 
ance in  random  order,  using  each  appliance  for  I  wk.  Symptom  scores 
were  recorded  and  sleep  studies  were  done  at  the  end  of  each  week. 
Several  symptom  scores  were  significantly  improved  with  both  appli- 
ances, but  to  a  greater  degree  with  the  OSA-Monobloc.  Epwonh  Sleep- 
iness Scale  scores  were  8.8  ±  0.7  with  the  OSA-Herbst.  and  8.6  ±  0.8 
with  the  OSA-Monobloc  devices,  and  13.1  ±  0.9  without  therapy  (p  < 
0.05  versus  both  appliances).  The  apne;i/liypopnca  index  was  8.7  i  1.5/h 
with  the  OSA-Herbst  and  7.9  ±  1.6/h  with  the  OS.A-Monobloc  device, 
and  22.6  ±  3.1/h  without  therapy  (p  <  0.05  versus  both  appliances).  Side 
effects  were  mild  and  of  equal  prevalence  with  both  appliances.  Fifteen 
patients  preferred  the  OSA-Monobloc.  eight  patients  had  no  preference, 
and  one  patient  preferred  the  OSA-Herbst  device  (p  <  0.008  versus 
OSA-Monobloc).  We  conclude  that  both  the  OSA-Herbst  and  the  OSA- 
Monobloc  are  effective  therapeutic  devices  for  sleep  apnea.  The  OSA- 
Monobloc  relieved  symptoms  to  a  greater  extent  th;in  the  OSA-Herbst. 
and  was  preferred  by  the  majonty  of  patients  on  the  basis  of  its  simple 
application. 
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niques of  initiation  and  monitoring  of  noninvasive  ventilation.  Featuring  Nicholas  5. 
Hill,  MD,  and  Richard  D  Branson,  BA,  RRT,  FAARC.  90-min.  videotape. 
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Abstracts 


Biolonii'iilly  \  ;iii;iblc  iir  Nuliiraily  Noisy  Mi'ihanical  N'cntilatioii  Re- 
cruits Alclectatic  I-unj" — Mulch  WAC.  Hiirms  S.  Ciraham  MK,  Kov\al- 
ski  SE.  Girling  LG.  Lcfcvrc  GR.  Am  J  Respir  Crit  Care  Med  2()()0 
Jul;l62(l):.1l9-323. 

Biologically  variable  mechanical  ventilation  (Vbv) — using  a  computer- 
controller  to  mimic  the  normal  variability  in  spontaneous  breathing  im- 
proves gas  exchange  in  a  model  of  severe  lung  injury  (Lefevre.  G.  R.. 
S.  E.  Kowalski,  L.  G.  Girling.-D.  B.  Thiesscn,  W.  A.  C.  Mutch.  Am.  J. 
Respir.  Crit.  Care  Med.  Iyy6;154:l?67-I572).  Improved  oxygenation 
with  Vbv.  in  the  face  of  alveolar  collapse,  is  thought  to  be  due  to  net 
volume  recruitment  secondary  to  the  variability  or  increased  noise  in  the 
peak  inspiratory  airway  pressures  (Ppaw).  Biologically  variable  noise  can 
be  modeled  as  an  inverse  power  law  frequency  distribution  (y  approxi- 
mately l/r-|  (West.  B.  J.,  M.  Shlesinger.  Am.  Sci.l9yO;78:40-45).  In  a 
porcine  model  of  atelectasis — right  lung  collapse  with  one-lung  ventila- 
tion— ue  studied  if  Vbv  (n  =  7)  better  reinllates  the  collapsed  lung 
compared  with  conventional  monotonously  regular  control  mode  venti- 
lation (Vc;  n  =  7)  over  a  5-h  period.  We  also  investigated  the  influence 
of  sigh  breaths  with  Vc  (Vs;  n  =  8)  with  this  model.  ReinOation  of  the 
collapsed  lung  was  significantly  enhanced  with  Vbv — greater  Pj,o,  (502  ± 
40  mm  Hg  with  Vbv  versus  381  ±  40  mm  Hg  with  Vc  at  5  h;  and  309  ± 
79  mm  Hg  with  Vs;  mean  ±  SD),  lower  P^co,  (35  ±  4  nun  Hg  versus 
48  ±  8  mm  Hg  and  50  ±  8  mm  Hg).  lower  shunt  fraction  (9.7  ±  1.1'Jc 
versus  14.6  ±  2.0'^  and  22.9  ±  6.0%).  and  higher  respiratory  system 
compliance  (Crs)  ( 1 .  1 5  ±  0. 1 5  mL/cm  H,0/kg  versus  0.79  ±  0. 1 9  mL/cm 
H,0 /kg  and  0.77  ±  0.13  mL/cm  H,0 /kg)— at  lower  mean  Ppaw  ( 15.7  ± 
1.4  cm  H;0  versus  18.8  ±  2.3  cm  H,0  and  18.9  ±  2.8  cm  H,0).  Vbv 
resulted  in  an  119^  increase  in  measured  tidal  volume  (V^^^)  over  that 
seen  with  Vc  by  5  h  (14.7  ±  1.2  mL/kg  versus  13.  2  mL/kg).  The 
respiratory  rate  variability  programmed  for  Vbv  demonstrated  an  inverse 
power  law  frequency  distribution  (  y  approximately  l/f)  with  a  =  1.6  ± 
0.3.  These  findings  provide  strong  support  for  the  theoretical  model  of 
noisy  end-inspiratory  pressure  better  recruiting  atelectatic  lung.  Our  re- 
sults suggest  that  using  natural  biologically  variable  noise  has  enhanced 
the  performance  of  a  mechanical  ventilator  in  control  mode. 

Availability  of  an  Alcohol  Solution  Can  Improve  Hand  Disinfection 
Compliance  in  an  Intensive  Care  Unit — Maury  E.  Allien  M,  Baudel 
JL.  Haram  N.  Barbut  F.  Guidel  B.  Offenstadt  G.  Am  J  Respir  Crit  Care 
Med  2000  Jul:162(l);324-327. 

We  investigated  whether  rubbing  with  an  alcohol  solution  increases  com- 
pliance with  hand  disinfection  in  a  medical  intensive  care  unit  (MICU). 


During  a  first  period  (PI ).  hand  disinfection  was  achieved  only  through 
conventional  washing,  whereas  during  a  second  period  (P2).  hand  disin- 
fection could  be  achieved  either  through  conventional  washing  or  rub- 
bing with  an  alcohol  solution.  There  were  621  opportunities  for  hand 
disinfection  during  PI  and  905  opportunities  during  P2.  General  com- 
pliance during  PI  was  42.4%.  and  reached  60.9%  during  P2  (p  <  0,001). 
This  improNcment  was  observed  among  nurses  (45.3%  versus  66.9%, 
p  <  0.001).  senior  physicians  (37.  2%  versus  55.5%.  p  <  0.001).  and 
residents  (46.9%  versus  59.1%.  p  =  0.03).  Acceptability  and  tolerance 
were  evaluated  through  the  answers  to  an  anonymous  questionnaire  dis- 
tributed to  all  53  health  care  workers  in  the  MICU.  Rubbing  with  alcohol 
.solution  was  an  easy  procedure  (100%  of  responses)  and  induced  mild 
side  effects  in  less  than  10%  of  respondents.  In  a  complementary  study 
conducted  3  mo  after  the  first  one,  compliance  remained  belter  than 
during  PI  (51.  3%  versus  42.4%.  p  =  0.007).  These  findings  suggest  that 
rubbing  with  alcohol  solution  increases  compliance  with  hand  disinlec- 
tion.  and  that  it  could  be  proposed  as  an  alternative  to  conventional 
handwashing  in  the  MICU. 


Nasal  Continuous  Positive  Airway  Pressure  Reduces  Sleep-Induced 
Blood  Pressure  Increments  in  Preeclampsia — Edwards  N.  Blyton  D.\l. 
Kirjavainen  T.  Kesby  GJ.  Sullivan  CE.  Am  J  Respir  Crit  Care  Med  2000 

Jul;162(l):252-257. 

Preeclampsia  is  the  predominant  cause  of  admissions  to  neonatal  inten- 
sive care.  The  diurnal  blood  pressure  pattern  is  flattened  or  reversed  in 
preeclampsia.  We  hypothesized  that  snoring  and  partial  upper  airway 
obstruction  contribute  to  nocturnal  rises  in  blood  pressure.  We  tested  this 
hypothesis  by  controlling  sleep-induced  upper  airway  fiow  limitation  and 
snoring  with  nasal  positive  pressure.  Eleven  women  with  preeclampsia 
underwent  two  consecutive  polygraphic  sleep  studies  with  simultaneous 
beat-to-beat  blood  pressure  monitoring.  Average  blood  pressure  for  the 
night  overall  and  in  each  sleep  stage  was  calculated.  Sleep  architecture 
was  similar  on  the  two  study  nights.  Sleep-induced  partial  upper  airway 
flow  limitation  occurred  in  all  patients  in  the  initial  study,  ."^utosetting 
nasal  continuous  positive  airway  pressure  (CPAP)  applied  at  a  mean 
maximal  pressure  of  6  ±  1  cm  H,0  eliminated  How  limitation  through- 
out sleep  on  the  treatment  night.  Blood  pressure  was  markedly  reduced 
on  the  treatment  night  [(128  ±  3)/(73  ±  3)]  when  compared  with  the 
initial  nontreatment  .study  night  [(146  ±  6)/(92  ±  4)].  p  =  (0.007)/ 
(0.002).  We  conclude  that  partial  upper  airway  obstruction  during  sleep 
in  women  with  preeclampsia  is  associated  with  increments  in  blood 
pressure,  which  can  be  eliminated  with  the  use  of  nasal  CPAP. 
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Foreword 


Tracheal  Gas  Insufflation 


On  August  19,  2()()().  the  American  Association  for  Re- 
spiratory Care  (AARC)  convened  a  state-of-the-art  con- 
ference in  Dallas.  Texas,  to  review  the  technique  tracheal 
gas  insuftlation  (TGI).  The  topic  is  particularly  relevant  at 
this  time  for  several  reasons.  First,  with  the  recent  publi- 
cation of  the  Acute  Respiratory  Distress  Syndrome  Net- 
work Ventilator  Management  Trial,'  showing  that  reduced 
lung  distention  during  mechanical  ventilation  improved 
mortality,  a  dramatic  increase  in  interest  in  "lung-protec- 
li\c  ventilatory  strategies"  has  developed.  The  potential 
ability  of  TGI  to  reduce  dead  space  (and  thus  tidal  volume) 
has  thus  become  a  conceptually  attractive  adjunct  to  ven- 
tilator management.  Second,  several  investigators  with  in- 
dustry backing  are  actively  developing  TGI  systems.  How- 
ever, optimal  design  features,  required  monitoring 
capabilities,  regulatory  requirements,  and  various  cost  is- 
sues for  these  devices  remain  ill  defined.  Third,  because  so 
few  clinical  trials  have  been  done  using  TGI,  clinician 
awareness  of  the  TGI  concept  seems  lacking. 

To  address  these  issues,  the  American  Association  for 
Respiratory  Care  convened  a  unique  collection  of  scien- 
tists, clinicians,  industry  representatives,  and  regulatory 
experts  for  this  one-day  conference.  Speakers  were  charged 


to  address  specific  issues  on  TGI.  including  design  char- 
acteristics, safety/monitoring  features,  regulatory  require- 
ments, potential  study  designs,  clinical  applicability,  and 
cost  issues.  Industry  sponsors  sent  invited  responders  to 
ask  questions  and  interact  in  discussions.  The  conference 
concluded  with  an  interactive  session  addressing  the  bar- 
riers to  the  clinical  implementation  of  TGI. 

The  proceedings  of  this  conference  comprise  this  spe- 
cial issue  of  Rt-spiRATORY  C.^RE.  We  hope  that  readers  of 
this  issue  will  better  understand  TGI's  potential  role,  as 
well  as  its  potential  problems,  and  also  what  needs  to  be 
done  for  it  to  enter  clinical  practice. 

Neil  R  Maclntyre  MD  FAARC 
Dean  R  Hess  PhD  RRT  FAARC 

Conference  Co-Chairs 


REFERENCE 

Vemilalion  with  lower  tidal  volumes  as  compared  with  traditional 
tidal  volumes  for  acute  lung  injury  and  the  acute  respiratory  distress 
syndrome.  The  Acute  Respiratory  Distress  Syndrome  Network. 
N  Engl  J  Med  2000;342(  18):  1301 -1308. 
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Tracheal  Gas  Insutnation  and  Related  Techniques 
to  Introduce  Gas  Flow  into  the  Trachea 

Dean  R  Hess  PhD  RRT  FAARC  and  Michael  A  Gillette  MD  PhD 


Introduction 

t'ontiniKtus  Insurflalion  of  Oxygen 
I  ranstriulual  Owgun  Administration 
1  ranstradual  .Ut  \ intilation 
High  Kri't|iKncv  .Ut  \ intilation 
Intratracheal  Pulmonary  Ventilation 
I  rachcal  (Jas  Insufllaticm 
Summary 


Over  the  past  50  years,  a  variety  of  techniques  have  been  developed  that  have  in  common  the 
insutnation  of  gas  into  the  central  airway  to  facilitate  carbon  dioxide  (CO,)  clearance.  These  include 
continuous  insufflation  of  oxygen,  transtracheal  jet  ventilation,  high  frequency  Jet  ventilation, 
transtracheal  oxygen  administration,  intratracheal  pulmonary  ventilation,  and  tracheal  gas  insuf- 
flation (TGI).  Continuous  insufflation  of  oxygen  is  a  technique  used  to  enhance  CO,  removal  in  the 
presence  of  apnea.  Transtracheal  jet  ventilation  and  high  frequency  jet  ventilation  promote  hulk 
gas  flow  into  the  lungs.  Some  techniques,  such  as  transtracheal  oxygen  administration,  provide  insuf- 
flation of  oxygen  as  an  adjunct  to  spontaneous  ventilation.  However,  other  techniques,  such  as  TGI.  are 
used  as  an  adjunct  to  positive  pressure  ventilation.  Intratracheal  pulmonary  ventilation  provides  pos- 
itive pressure  ventilation  while  bypassing  the  upper  airway.  Although  some  of  these  techniques  are 
promising  adjuncts  to  mechanical  ventilation  and  may  help  reduce  ventilator-associated  lung  injury, 
much  remains  to  be  learned  about  their  role  in  the  care  of  patients  with  acute  lung  injury. 
Ki\  wiinl.s:  inicheal  ,k(Is  uisullhiiioii.  iransiniclieal  oxyiicn.  translnichcal  Jet  vciitilalioii.  lufih-ticiiitemy  jet 
ventilation,  intnitiaclwal  pidwonarx  rentihilion.  mechanical  ventilation.   | Respir  Care  2(K)h46(2]:  1 19-129] 


Introduction 

Over  the  past  50  years,  various  techniques  have  been 
described  that  use  a  catheter  to  introduce  a  How  of  gas  into 


Dean  R  Hess  PhD  RRT  FAARC  is  affiliated  with  Harvard  Medical 
School  and  with  the  Department  ot  Respiratory  Care.  Massachusetts 
CJeneral  Hospital.  Boston.  Massachusetts.  Michael  A  Gillette  MD  PhD  is 
affiliated  with  the  Department  ot  Pulmonary  and  Critical  Care  Medicine. 
Massachusetts  General  Hospital.  Boston.  Massachusetts. 

A  version  ot  this  report  v\as  given  by  Dr  Hess  at  the  special  conference. 
Tracheal  Gas  Insufllation:  Current  .Status  and  F-uture  Prospects,  presented 
by  the  American  Respiratory  Care  Foundation.  .Aueust  !').  2()()(l.  m  Dal- 
las. Texas. 


the  trachea.  These  have  in  coniniun  a  desire  to  enhance 
lung  function  by  augmenting  the  clearance  of  carbon  di- 
oxide. A  recent  renascence  of  interest  in  these  approaches 
has  been  spurred  by  the  conjoint  observations  that  over- 
distention  of  the  lungs  during  positive  pressure  ventilation 
(F'PV)  can  induce  lung  injury'  and  that  ventilatory  strate- 
gies that  promote  lung  protection  result  in  impro\ed  mor- 
bidity and  mortality.- '  Since  lung-protective  strategies 
compromise  ventilation.  the\  nia\  be  facilitated  by  tech- 
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Tkachual  Gas  Insufflation  and  Related  Techniques 


niqucs  ihat  cnhanci;  carbun  ilioxklc  (CO.)  clcaianci.'  and 
thereby  reduce  the  ventilatory  rec|inremenl.  In  this  paper, 
we  describe  variiuis  techniques  that  ha\e  been  used  to 
introduce  gas  tlou  niio  ihe  trachea. 

Continu(>u.s  Insufflation  of  Oxygen 

Apneic  oxygenation  is  a  technic|ue  in  which  the  subject 
is  hyperoxygenated  by  ventilation  with  l()()'/f  oxygen,  and 
then  has  \entilation  interrupted.-"  "^  During  the  ensuing  pe- 
riod ol  apnea,  arterial  partial  pressure  of  oxygen  (P,,o,)  is 
maintained  above  normal  because  of  the  very  high  P^q  at 
the  initiation  of  apnea.  The  duration  of  apneic  oxygenation 
is  limited  not  by  the  decline  in  P,,, .  but  rather  by  the  rise 
in  arterial  partial  pressure  of  carbon  dioxide  (P^co,'-  I" 
1961,  Eger  and  .Severinghaus''  reported  the  rate  of  rise  in 
alveolar  partial  pressure  of  carbon  dioxide  (Paco  '  in  -"^ 
healthy  apneic  anesthetized  adult  patients,  hi  the  first  minute 
of  apnea  there  was  a  rapid  rise  in  Paco.  'i^  the  alveolar 
Pco.  equilibrated  with  the  mixed  venous  Pfo..  This  was 
followed  by  a  linear  rise  in  Pco,  determined  by  the  rate  of 
tissue  CO2  production.  The  slope  of  the  increase  in  P^co, 
was  4  mm  Hg/min  without  prior  hyperventilation.  The 
increase  in  PAto,  w*!^  '^'^^  w''h  pi'it"'  hyperventilation, 
occurring  at  a  rate  of  3  mm  Hg/min.  At  this  rate  of  P^^o 
increase,  the  duration  of  apneic  oxygenation  was  limited 
by  the  concomitant  respiratory  acidosis.  From  these  and 
other  studies  published  from  the  mid-1950s  to  the  early 
1 970s,  it  was  established  that  the  rate  of  rise  in  P^-q,  during 
apnea  in  humans  is  about  3-5  mm  Hg/min.^ 

It  has  been  known  for  50  years  that  continuous  insuf- 
flation of  oxygen  (CIO)  into  the  trachea  or  bronchi  of 
experimental  animals  can  slow  the  rate  of  P^co,  increase 
during  apneic  oxygenation.  In  1951,  Jacoby  et  aP  reported 
that  tracheal  insufflation  at  15  L/min  slowed  the  rise  in 
P^.(,,  in  apneic  dogs.  In  the  1980s  there  were  a  number  of 
published  studies  evaluating  this  technique  in  animal  mod- 
els.** '^  With  two  catheters,  one  positioned  3.5  cm  into 
each  bronchus  (Fig.  I ),  and  a  total  flow  of  40  L/min  (20 
L/min  to  each  catheter),  dogs  can  be  maintained  eucapnic 
during  apnea."*  This  outcome  has  been  attributed  to  the 
combined  effects  of  convective  streaming  in  the  central 
airways  due  to  the  catheter  flow  and  cardiogenically  in- 
duced flow  in  the  peripheral  airways  with  molecular 
diffusion.  Slutsky  et  al'''  studied  insufllation  of  low  flow 
(^  3  L/min)  oxygen  1  cm  proximal  to  the  carina  in  apneic 
dogs.  They  reported  that  the  rate  of  increase  in  P^.fo.  de- 
creased over  time  and  reached  a  plateau  at  2  hours  (Fig.  2). 
The  studies  were  stopped  at  4-5  hours,  with  no  dogs  show- 
ing signs  of  cardiovascular  or  other  compromise.  How- 
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Fig.  1.  Catheter  position  for  continuous  flow  ventilation  (CFV)  In 
dogs.  Note  that  the  catheters  are  exterior  to  the  endotracheal  tube 
and  that  they  extend  Into  the  mainstem  bronchi.  PEEP  =  positive 
end-expiratory  pressure.  (From  Reference  18,  with  permission.) 


in  two  comatose  patients  and  reported  that  P ^^o,  reached  > 
300  mm  Hg  before  arterial  oxygen  desaturation  occurred! 
Babinski  et  al-'  used  CIO  in  5  adult  apneic  patients  prior 
to  operative  procedures.  Endobronchial  catheters  (Fig.  3) 
were  placed  and  a  total  oxygen  flow  of  0.6-0.7  L/Kg/min 
was  divided  between  the  two  catheters.  Over  30  minutes, 
Paco,  ro^'^  from  approximately  35  mm  Hg  to  55  mm  Hg  in 
4  of  the  patients,  remaining  normal  in  one  patient.  Breen  et 
al--  delivered  flows  of  0.9-1.6  L/Kg/min  to  the  bronchi  of 
apneic  anesthetized  patients,  and  reported  an  increase  in 
Paco,  o^<^''  -^0  minutes,  from  about  35  mm  Hg  to  about  70 
mm  Hg.  Perl  et  al"  insufflated  0.5  L/Kg/min  to  the  distal 
tip  of  a  Carlen"s  tube  in  5  apneic  patients.  They  reported 
a  309f  reduction  in  rate  of  increase  of  Pjco.-  compared  to 
apneic  oxygenation  alone  (Fig.  4). 

Hypoxemia  is  a  recognized  complication  of  endotra- 
cheal suctioning.  Most  commonly,  this  complication  is 
avoided  by  pre-oxygenation  with  100%  oxygen  and  limi- 
tation of  procedure  duration.  CIO  during  suctioning  has 
been  suggested  as  an  alternative  method  to  prevent  suc- 
tioning-related  hypoxemia.--'--''  Smith  et  al-''  evaluated  a 
double-lumen  suction  catheter,  with  oxygen  insufflation 
through  one  lumen  alternating  with  suction  through  the 
other.  With  this  technique,  they-*  were  able  to  prevent 
hypoxemia  during  suctioning  without  pre-oxygenation. 
Brochard  et  al-^  evaluated  CIO  during  suctioning  using  a 
specially  designed  endotracheal  tube  incorporating  five  0.7 
mm  diameter  capillaries  into  its  wall.  Gas  froin  these  cap- 
illaries exits  1  cm  from  the  distal  tip  of  the  tube.  Oxvgen 
insufllation  at  12  L/min  minimized  arterial  desaturation 
iluring  suctioning  in  severely  hypoxemic  patients  w  ith  acute 
respirator)  lailure  (ARF).  Further,  the  decline  in  lung  vol- 
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Fig.  2.  Effect  of  tracheal  insufflation  of  oxygen  at  2  LVmin  in  dogs.  Note  that  the  arterial  partial  pressure  of  oxygen  (PaoJ  remains  high,  that 
the  arterial  partial  pressure  of  carbon  dioxide  (PacoJ  reaches  a  plateau  with  oxygen  insufflation,  and  that  the  Paco2  hses  with  a  rapid  slope 
without  oxygen  insufflation.  (From  Reference  19,  with  permission.) 
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Fig.  3.  Gas  delivery  system  for  continuous  insufflation  of  oxygen  in  human  subjects.  (From  Reference  4,  with  permission.) 


iinic  ihai  typically  occurs  with  suctioning  was  ameliorated 
by  use  of  oxygen  insuftlation.  .Ailhmigh  potentially  bene- 
ficial, oxygen  insutflalion  dining  suclioning  iias  no!  be- 
come popular,  probably  because  the  closed  suction  system 
is  commonly  employed  to  niinimi/c  suction-related  com- 
plications. 

The  necessity  ot"  veniilalion  during  cardiopulmonary  re- 
suscitation (CPR)  has  been  questioned.-^  "'  Hallstrom  et 
al-**  recently  reported  that  the  outcome  after  CPR  with 
chest  compressions  alone  was  siniihii  to  thai  after  chest 
compressions  with  mouth-to-mouth  ventilation.  Several 
studies  have  evaluated  the  use  of  CIO  durinsz  CPR.  In  a 


canine  iikkIcI  of  cardiac  arrest.  Brandit/  el  al"  showed 
that  hypcrcapnia  did  not  occur  and  that  arterial  oxygen 
saturation  was  maintained  using  15  l./min  of  transtracheal 
oxygen.  Bmchard  ct  al-^  studied  CIO  at  15  L7min  through 
an  endotracheal  tube  in  a  porcine  model  of  cardiac  arrest. 
They  noted  similar  P,,,  and  P,,c(i,  with  either  standard 
CPR  or  oxygen  insuftlation  CPR,  the  latter  including  chest 
compressions  and  insufflated  oxygen  without  additional 
ventilation.  1-urther.  they  found  oxygen  insufflation  CPR 
led  to  improved  hemodynamics  relative  to  standard  CPR. 
Saissv  et  al'-  recently  evaluated  CIO  during  out-of-hospi- 
lal  CPR.  Cardiac-arrested  patients  were  randomized  to  stan- 
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Control     2  T  6  8 

Time  (min) 

Fig.  4.  Partial  pressure  of  oxygen  (Pq  )  and  partial  pressure  of 
carbon  dioxide  (Pco)  w'h  (closed  circles)  and  without  (open  cir- 
cles) continuous  insufflation  of  oxygen  in  5  patients  dunng  anes- 
thesia. (From  Reference  1 1 .  with  permission.) 


dard  CPR  or  CIO  plus  chest  compressions.  They  reported 
similar  rates  of  successful  resuscitation  and  levels  of  P,;, 
and  Paco,  between  the  groups.  CIO  was  provided  through 
a  specialized  endotracheal  tube  with  lateral  channels  in  its 
wall  allowing  insufflation  of  oxygen  at  15  L/min. 

CIO  has  been  studied  as  a  technique  to  facilitate  the  de- 
termination of  brain  death  in  adults.""-'^  It  is  commonly  rec- 
ommended that  6  L/min  of  100%  oxygen  be  administered 
tlirough  a  catheter  placed  at  the  level  of  the  carina  during  this 
procedure  to  maintain  adequate  oxygenation. '•*  With  a  start- 
ing Paco,  of  40  mm  Hg  and  pre-oxygenation  with  100*^ 
oxygen,  the  expected  rise  in  P^co,  '^^S''  initiation  of  apnea  is 
3-6  mm  Hg/min  (depending  on  tissue  CO^  production). 

There  are  several  reasons  why  CIO  has  not  become  widely 
accepted  in  the  care  of  critically  ill  patients.  Although  this 
technique  slows  the  rise  in  P;,co,' ''  does  not  pro\ide  adequate 
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Fig.  6.  Representative  tracings  of  pleural  pressure  (Ppl)  in  a  patient 
breathing  room  air  with  no  transtracheal  flow  (top  graph),  while  re- 
ceiving transtracheal  oxygen  (middle  graph),  and  while  receiving  tran- 
stracheal air  (bottom  graph).  (From  Reference  42,  with  permission.) 


CO2  clearance.  This  leads  to  the  relatively  rapid  onset  of 
unacceptable  respiratory  acidosis.  Unlike  the  animals  in  which 
this  technique  has  been  studied,  critically  ill  patients  often  are 
hypemietabolic  and  have  elevated  alveolar  dead  space,  re- 
spectively increasing  CO2  production  and  decreasing  CO, 
clearance.  To  maximize  effective  CO,  clearance  in  CIO.  high 
flows  must  be  insufflated,  producing  the  potential  for  airway 
injury.  Critically  ill  patients  also  suffer  elevated  intrapulmo- 
nary  shunt  and  require  airway  pressures  greater  than  those 
provided  b\  CIO  alone  in  order  to  prevent  alveolar  derecruit- 
ment.  Combined  constant-flow  and  continuous  PPV  has  been 
described,  but  only  in  an  animal  model.'-"  The  use  of  CIO  is 
thus  effectively  limited  to  relatively  shon-tenn  applications 
such  as  apnea  testing  to  establish  brain  death,  airway  suc- 
tioning, or  CPR. 
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Fig.  5.  Effect  of  transtracheal  air  on  inspired  minute  ventilation  of 
7  patients.  (From  Reference  41,  with  permission.) 


ABC 

Fig.  7.  Technique  of  percutaneous  transtracheal  jet  ventilation. 
The  needle  is  directed  through  the  cricothyroid  membrane  (A),  its 
position  in  the  trachea  is  verified  (B),  and  transtracheal  ventilation 
is  provided  using  a  manual  tngger  (C).  (From  Reference  47.  with 
permission.) 
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Fig.  8.  Commercially  available  equipment  for  transtracheal  jet  ventilation:  ACU  1 060.1  transtracheal  catheter  (left)  and  BE  183-SUR  manual 
jet  ventilator  (right).  (Courtesy  of  Instrumentation  Industries,  Bethel  Park,  Pennsylvania.) 


Transtracheal  Oxygen  .Administration 

Transliacheal  oxygen  administratitm  delivers  gas  directly 
inio  the  trachea  via  a  small  percutaneous  calheier."'  .\ 
principal  advantage  of  transtracheal  oxygen  administration 
is  its  etTiciency.  allow  ing  a  reduction  in  flow  and  concom- 
itant decrease  in  the  cost  of  oxygen  therapy.  Even  in  the 
initial  reports  of  transtracheal  oxygen  use,  it  was  recog- 
nized that  patients  also  frequently  reported  less  dyspnea."'*' 
What  was  not  iniliall)  recognized  was  that  this  was  due  to 
enhanced  clearance  of  COo  from  the  upper  airw  ay — a  tra- 
cheal gas  insufflation  (TGI)  effect. 

Bergofsky  and  Hurewitz^"  studied  5  patients  who  had 
chronic  hypercapnia  and  permanent  tracheostomies,  in 
whom  ."^  L/min  of  gas  was  delivered  through  an  otherwise 
occluded  tracheostomy  tube.  They  reported  a  significant 
reduction  in  dead  space  and  inspired  minute  ventilation 
using  this  method.  In  one  patient  the  effect  was  so  dra- 
matic that  the  patient  requested  long-term  application  of 
the  technique.  In  a  lollow-up  investigation.  Hurewitz  et 
aH"  studied  patients  with  transtracheal  oxygen  catheters 
and  reported  thai  increases  in  oxygen  Oow  from  1-8  L/min 
produced  progressive  decreases  in  dead  space  volume,  tidal 
volume  (V^).  and  inspired  minute  ventilation. 

Couser  and  Make-"  studied  7  patients  receiving  oxygen 
therapy  via  transtracheal  catheter.  As  the  transtracheal  ox- 
ygen flow  increased,  inspired  minute  ventilation  decreased: 
at  6  L/min  inspired  minute  \entilation  was  reduced  by 
approximately  50%.  To  demonstrate  that  this  effect  was 
due  to  gas  flow  and  not  to  oxygen  supplementation, 
transtracheal  air  was  substituted  for  oxygen  with  a  similar 
reduction  in  minute  ventilation  (Fig.  5).  Benditt  et  aH- 
studied  .^  patients  receiving  transtracheal  oxygen  therapy 
and  reported  that  the  tension-lime  index  of  the  diaphragm 
decreased  as  transtracheal  flow  of  oxygen  or  air  increased 
(Fig.  6).  These  data  are  consistent  with  a  reduced  ventila- 
tory requirement  with  transtracheal  gas  How.  presumably 
due  to  a  reduction  in  dead  space. 

Transtracheal  ox\  gen  insuftlation  has  also  been  used  for 
the  treatment  of  obstructive  sleep  apnea.-"  ■*'  In  5  patients 


with  tracheostomies  placed  for  the  treatment  of  severe 
obstructive  sleep  apnea,  .Schneider  et  aH^  found  that  \5 
L/min  of  tracheal  oxygen  insuftlation  stabilized  the  breath- 
ing pattern  by  providing  sufficient  air  How  for  the  patients 
to  inspire  during  upper  airway  obstruction.  They  also  re- 
ported that  this  flow  resulted  in  laryngeal  obstruction  dur- 
ing transitional  sleep,  which  could  result  in  high  tracheal 
pressure  unless  a  pressure  pop-off  is  used. 

Transtracheal  .let  \  entilation 

Percutaneous  transtracheal  jet  ventilation  (TTJV)  is  a 
technique  in  which  a  large  intravenous  catheter  is  inserted 

through  the  cricothvroRl  membrane  and  \entilation  is  pro- 
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Fig.  9.  High  frequency  let  ventilation.  The  jet  effect  at  the  proximal 
airway  entrains  flow  from  a  secondary  gas  source.  The  tidal  vol- 
ume delivered  is  the  combination  of  the  primary  jet  flow  and  the 
entrained  gas  flow.  (From  Reference  51 .  with  permission.) 
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Fig.  10.  The  reverse-thrust  catheter  used  for  intratracheal  pulmonary  ventilation  (ITPV).  During  inspiration  (left)  the  expiratory  valve  is  closed 
and  thus  all  of  the  gas  flow  is  directed  into  the  lungs.  During  expiration  (right),  the  expiratory  valve  is  open  and  the  catheter  flow  and 
expiratory  flow  from  the  patient's  lungs  are  expired  simultaneously  through  the  endotracheal  tube.  (From  Reference  64,  with  permission.) 


vided  fri)in  a  high-pressure  gas  source""'"'^  (Fig.  7).  In  ad- 
dition to  a  50  psi  ga.s  source  and  a  14-16  gauge  catheter, 
the  TTJV  system  requires  low-compliance  connecting  tub- 
ins  and  a  valve  to  control  flow  time  to  the  catheter.-"'-''' 


Capnograph 
prot>e 

Airway  pressure  tap 


Trachea 


/ 


Endotracheal  tube 


0 


Catheter 

Carina 


/v. 


Fig.  11.  A  simple  circuit  for  tracheal  gas  insufflation.  (From  Refer- 
ence 71 ,  with  permission.) 


Valve  systems  are  commercially  available  (Fig.  8).  The 
chief  advantage  of  TTJV  is  that  it  is  quicker  and  simpler 
than  percutaneous  cricothyroidotomy.  A  syinnge  containing 
10  niL  of  saline  is  attached  to  the  catheter,  which  is  advanced 
through  the  cricothyroid  meiiibrane  into  the  tracheal  lumen. 
Free  return  of  air  confinns  catheter  tip  position.  The  catheter 
is  advanced  over  the  introducer  needle  into  the  trachea 
and  attached  to  the  flow-controlling  valve.  The  catheter  is 
held  in  place  manually  to  avoid  displacement.  Ventilation 
is  provided  at  a  rate  of  12-20  cycles  per  minute. 

Flow  through  a  16-gauge  catheter  at  a  driving  pressure 
of  50  psi  is  about  500  mL/s.  Because  of  the  high  velocity 
of  gas  exiting  the  catheter  in  the  trachea,  additional  flow 
may  be  entrained  from  the  upper  airway.  The  peak  inspira- 
tory pressure  during  TTJV  depends  on  the  cross-sectional 
area  of  the  trachea,  the  length  and  diameter  of  the  catheter, 
the  degree  of  upper  airway  obstruction,  the  compliance  of 
the  respiratory  system,  and  the  inspiratory  time.  Because 
exhalation  occurs  through  the  upper  airv\ay.  complete  up- 
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Fig.  12.  With  no  tracheal  gas  insufflation  (TGI)  (left),  the  central 
airways  contain  CO,  at  end-expiration  and  this  CO,  is  delivered  to 
the  alveoli  dunng  the  subsequent  inspiration.  With  TGI  (right),  the 
CO2  from  the  central  airways  is  flushed  during  the  expiratory  phase, 
which  reduces  the  CO2  delivered  to  alveoli  during  the  subsequent 
inspiration.  (From  Reference  72,  with  permission,) 
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Fig.  13.  Tracheal  gas  insufflation  (TGI)  can  be  provided  as  a  con- 
tinuous flow  of  gas  into  the  airway  or  specific  to  the  phase  of  the 
respiratory  cycle.  With  phasic  TGI.  various  approaches  can  be 
used.  (From  Reference  72,  with  permission.) 


per  airway  obstruction  is  a  contraindication  to  TTJV.  Re- 
liortcd  Loniplications  of  TTJV  are  infrequent;  thes  include 
iiemorrhage  at  the  insertion  site,  subcutaneous  and  medi- 
astinal air,  esophageal  injury,  and  pneuinothorax.'** 

Patel-"^  reported  5  years'  experience  with  TTJV  in  29 
patients.  Two  important  benefits  of  TTJV  were  suggested. 
First,  TTJV  provided  adequate  oxygenation,  allowing  time 
fordetlnitixe  airway  management.  Second. TTJV  improved 
vi.sualization  of  the  glottic  aperture,  thereby  promoting 
subsequent  translaryngeal  intubation. 

High  Frequency  Jet  Ventilation 

High-frequency  jet  ventilation  (HFJV)  is  a  form  of  life 
support  in  which  high  velocity  jets  of  gas  are  injected  into 
the  aire  ay  at  frequencies  higher  than  those  used  with  con- 
ventional ventilators  1 100-660  per  minute).^"  ^"  The  driv- 
ing pressure  applied  to  the  jet  is  typically  35-50  psi.  This 
technique  was  originally  applied  using  a  specialized  en- 
di)tracheal  tube  incorporating  a  lumen  designed  to  pennit 
passage  of  the  gas  stream.  Because  of  the  undesirability  of 
reintubating  critically  ill  patients,  techniques  allowing  the 
jet  stream  to  be  applied  to  the  proximal  endotracheal  tube 
were  subsequently  introduced.  The  volume  of  gas  deliv- 
ered through  the  jet  is  relatively  small  (2-5  mL/Kg).  How- 
ever, because  of  the  high  \elocity  at  which  gas  exits  the 
jet.  additional  gas  is  entrained  (Fig.  9).  resulting  in  esti- 
mated Vj  of  3-5  mL/Kg.  The  construction  of  these  jet 
ventilation  devices  virtually  precludes  measurement  of  ex- 
act V^-.  With  HFJV.  alveolar  ventilation  depends  on  the 
driving  pressure  to  the  jet.  jet  frequency,  inspiratory-to- 
expiratory  ratio,  and  overall  pulmonary  mechanics. 


The  efficacy  of  HFJV  for  patients  w  ith  acute  respiratory 
di.strcss  syndrome  has  been  disappointing.  Carlon  et  aP- 
reported  thai  HFJV  pro\ided  no  better  oxygenation  and 
ventilation  than  conventional  techniques.  Further,  survival 
was  not  improved  with  the  use  of  HFJV.  Gluck  et  a!" 
reported  improved  gas  exchange  and  reduced  airway  pres- 
sure during  a  24-hour  trial  of  HFJV.  As  this  study  was 
uncontrolled,  however,  it  is  impossible  to  know  whether 
similar  effects  could  have  been  achieved  with  conven- 
tional ventilation.  In  addition,  the  short-term  nature  of  the 
study  prevented  assessment  of  such  important  outcomes  as 
survival. 

Although  HFJV  has  been  virtually  abandoned  in  the 
adult  intensive  care  unit,  it  is  used  occasionally  in  neonates 
and  in  the  operating  room.  In  many  neonatal  intensive  care 
units,  high-frequency  oscillatory  ventilation  is  now  used  in 
place  of  HFJV.  In  the  operating  room.  HFJV  is  used  dur- 
ing head  and  neck  surgery,  allowing  the  patient  to  be 
oxygenated  and  ventilated  without  a  large  endotracheal 
tube  obscuring  the  airway.^' 

Concerns  related  to  HFJV  include  adequate  humidifica- 
tion  of  the  jet  gas  flow'-*  and  intrinsic  positive  end-expi- 
ratory pressure  due  to  the  short  expiratory  time.'^'^  Tracheal 
injury  following  HFJV  in  neonates  has  been  reported.'^''-''* 

Intratracheal  Pulmonary  Ventilation 

Intratracheal  pulmonary  ventilation  (ITPV)  is  a  tech- 
nique that  introduces  a  continuous-How  catheter  into  the 
endotracheal  tube."^""'  The  distal  tip  of  the  catheter  is 
positioned  about  1  cm  from  the  carinal  tip  of  the  endotra- 
cheal tube.  A  unique,  reverse-thrust  catheter  design  allows 
gas  exiting  the  distal  end  of  the  catheter  to  be  directed 
cephalad  (Fig.  10).  The  exhalation  port  of  the  endotracheal 
tube  is  attached  to  the  ventilator.  When  the  exhalation 
valve  is  closed,  flow  is  delivered  into  the  distal  lungs. 
When  the  exhalation  port  is  open,  the  reverse-thrust  cath- 
eter entrains  gas  from  the  distal  airways  to  facilitate  ex- 
halation. 

The  objective  of  ITPV  is  to  reduce  V^  and  thus  alveolar 
distending  pressure.  This  may  be  achieved  by  several  mech- 
anisms associated  with  this  technique.  First,  the  V^-  is  de- 
livered directly  into  the  trachea,  bypassing  the  proximal 
dead  space.  Second,  the  proximal  dead  space  is  flushed 
during  the  expiratory  phase.  Third,  the  jet  effect  of  the 
reverse-thrust  catheter  facilitates  gas  flow  from  the  distal 
lungs.  An  additional  effect  of  ITPV  that  has  been  reported 
is  augmented  clearance  of  mucus  from  the  inner  lumen  of 
the  endotracheal  tube.""^  Most  ITPV  research  has  occurred 
in  animal  models.'*-''--^'*  The  reported  human  experi- 
ence has  been  limited  primarily  to  neonatal  and  pediatric 
patients/'^  ''"  although  its  use  for  patients  with  acute  re- 
spiratory distress  syndrome  has  been  recently  reported.*' 
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Fig.  1 4.  Schematic  of  a  system  for  tracfieal  gas  insufflation  (TGI)  witfi  tracheal  gas  exsufflation  (TGE).  (From  Reference  99,  with  permission.) 


The  future  role  of  ITPV  in  adult  patients  with  ARF  re- 
mains to  be  determined.^''  ■" 

Tracheal  Gas  Insufflation 

TGI  is  the  injection  of  fresh  gas  into  the  central  airways 
for  the  purpose  of  improving  the  efficiency  of  alveolar 
ventilation  and/or  minimizing  the  ventilatory  require- 
ment.^'^- It  is  used  as  an  adjunct  to  mechanical  ventila- 
tion. A  catheter  is  placed  into  the  central  airway  proximal 
to  the  carina  (Fig.  11).  Flow  is  introduced  through  the 
catheter  to  flush  the  proximal  airways  of  CO,-laden  gas 
(Fig.  12).  The  result  is  less  CO^  rebreathing  on  the  sub- 
sequent inspiration,  which  effectively  lowers  the  dead 
space.  TGI  has  been  studied  extensively  in  lung  niod- 
gj573-7.s  2j,j  animals.^''-'*'*  In  recent  years  there  have  been 
an  increasing  number  of  reports  of  the  use  of  TGI  for 
patients  with  ARF.'^"  '"  As  it  has  become  more  widely 
recognized  that  alveolar  overdistention  during  mechanical 
ventilation  ma>  result  in  increased  morbidity  and  mortal- 
ity,' there  is  considerable  academic  and  clinical  interest  in 
TGI  as  a  technique  to  reduce  the  \entilalory  requirement 
of  patients  with  ARF. 

A  variety  of  approaches  to  Kil  ha\c  hccii  reported.  The 
catheter  can  be  miroduced  into  the  trachea  either  beside 
the  endotracheal  lube  or  through  the  endotracheal  tube,  or 
can  be  incorporated  into  the  endotracheal  lube  design.  Cath- 
eters can  introduce  flow  either  toward  the  carina  or  away 


from  the  carina  (retrograde  or  reverse-thrust  catheters). 
The  flow  can  be  continuous  throughout  the  respiratory 
cycle,  restricted  to  the  expiratory  phase  (Fig.  13),  or  con- 
strained to  a  specific  portion  of  the  expiratory  phase.  Re- 
gardless of  the  approach  that  is  used,  a  concern  with  the 
use  of  TGI  is  the  interaction  between  the  TGI  flow  and  the 
ventilator.'" 

A  recently  described  alternative  to  TGI  is  aspiration  of 
airway  dead  space — tracheal  gas  exsufflation  (TGE).*"* 
With  this  technique,  airway  dead  space  gas  is  aspirated 
from  the  distal  endotracheal  tube  and  replaced  by  fresh  gas 
from  the  ventilator  circuit.  Potential  advantages  of  this 
approach  are  elimination  of  TGI-related  problems  such  as 
airway  injury  due  to  jet  streams  from  the  catheter  and 
difficulties  with  humidification  of  the  TGI  gas  flow .  Ta- 
kahashi  et  al""  described  the  effects  of  combined  TGE  and 
TGI,  in  which  TGE  is  applied  early  in  the  expiratory  phase 
and  TGI  is  applied  late  in  the  expiratory  phase  (Fig.  14). 
In  a  lung  model  and  in  experimental  animals,  they  reported 
that  combining  TGE  and  TGI  allowed  precise  control 
of  end-expiratory  lung  volume  and  effective  COi 
elimination. 

Summary 

A  variety  of  techniques  ha\ e  been  de\ eloped  that  have 
in  cominon  the  insufflation  of  gas  into  the  central  airway 
to  facilitate  CO,  clearance.  Some  of  these  techniques  are 
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used  10  enhance  COj  removal  in  ilic  presence  of  apnea  (eg, 
CIO).  Others  are  used  to  proinolc  bulk  gas  How  in  ihe 
lungs  (eg.  TTJV  and  IIF-JV).  Some  are  used  as  an  adjunct 
to  spontaneous  \entilation  (eg,  transtraclK'al  o\ygen  ad- 
ministration!, whereas  others  are  used  as  an  adjunct  to 
PPV  (eg.  TGI).  Some  prinide  PPV  while  b\passmg  the 
upper  airway  (eg,  ITPV).  Although  some  of  these  tech- 
niques are  promising  adjuncts  to  mechanical  ventilation 
and  may  help  reduce  \entilator-associated  lung  injury  (eg. 
TGI),  much  remains  to  he  learned  about  their  role  in  the 
care  ol  patients  with  acute  lung  injury. 


RKFKRF.NCES 

1 .  Drcvfuss  D.  Saumon  G.  \  eniilauir-induced  lung  injury:  lessons  from 
experimental  studies.  Am  J  Respir  Crit  Care  Med  IWSJ.SVf  1  ):2»)4- 
323. 

2.  Amato  MB.  Barbas  CS.  Medeiros  DM.  Magaldi  KB.  Scheltino  GP. 
Lorenzi-Filho  G.  et  al.  Effect  of  a  protective-ventilation  strategy  on 
mortality  in  the  acute  respiratory  distress  syndrome.  N  Engl  J  Med 
1998;338(6):.^47-3.S4. 

3.  The  Acute  Respiratory  Distress  Syndrome  Network.  Ventilation  with 
lower  tidal  volumes  as  compared  with  traditional  tidal  volumes  for 
acute  lung  injury  and  the  acute  respiratory  distress  syndrome.  N  Engl 
J  Med  2000;342(  1 8 ):  1 30 1  - 1 308. 

4.  Smith  RB.  Continuous-flow  apneic  ventilation.  Respir  Care  1987; 
32(6):458— 464;  discussion  465. 

5.  Draper  WB,  Whitehead  RW.  Diffusion  respiration  in  the  dog  anes- 
thetized with  pentothal  sodium.  Anesthesiology  1944;5:262-273. 

6.  Eger  EI.  Severinghaus  JW.  The  rate  of  rise  of  Paco,  '"  'he  apneic 
anesthetized  patient,  .-Xnesthesiology  1961:22:419—125. 

7.  Jacoby  JJ.  Reed  JP.  Hamelberg  W.  Gillespie  B.  Hitchcock  FA.  Sim- 
ple method  of  artificial  respiration.  Am  J  Physiol  1951;167:798-7(X). 

8.  Lehnert  BE.  Oberdosler  G.  Slutsky  .AS.  Constant-flow  ventilation  of 
apneic  dogs.  J  Appl  Physiol  1982:53(2):483^89. 

9.  Long  SE.  Menon  AS.  Kato  H.  Goldstein  RS.  Slutsky  AS.  Constant 
oxygen  insufflation  (COI)  in  a  ventilatory  failure  model.  Am  Rev 
Respir  Dis  l988;l38(3):630-635. 

10.  Nahum  AJ.  Sznajder  I.  Solway  J,  Wood  LDH.  Schumacker  PT. 
Pressure,  flow,  and  density  relationship  in  airway  models  during 
constant-flow  ventilation.  J  Appl  Physiol  1988;64(5):2()66-2073. 

1 1 .  Perl  .A.  Whitwan  JG.  Chakrabarti  MK.  Taylor  VM.  Continuous  flow 
ventilation  without  respiratory  movement  in  cat.  dog  and  human. 
Br  J  Anaesth  1986;58(5):544-550. 

12.  Schumacker  PT.  Sznajder  Jl,  Nahum  A.  Wood  LDH.  Ventilation- 
perfusion  inequality  during  constant-flow  ventilation.  J  Appl  Physiol 
I987:62(3):1255-1263. 

13.  Slutsky  AS.  Gas  mixing  by  cardiogenic  oscillations:  a  theoretical 
quantitative  analysis.  J  Appl  Physiol  198I.5I(5):1287-1293. 

14.  Sz-najder  Jl.  Becker  CJ.  Crawford  GP.  Wood  LDH.  Combination  of 
constant-flow  and  continuous  positive-pressure  ventilation  in  canine 
pulmonary  edema.  J  Appl  Physiol  1 989;67(2):8 17-823. 

15.  Watson  JW.  Burwen  DR.  Kamni  RD.  Brown  R.  Slutsky  AS.  Effect 
of  flow  rate  on  blood  gases  during  constant  flow  ventilation  in  dogs. 
Am  Rev  Respir  Dis  1986;l33(4):626-«29. 

16.  Watson  J.  Kam  RD.  Burwen  DR.  Brown  R.  Ingenito  E.  Slutsky  AS. 
Gas  exchange  during  constant  flow  ventilation  with  different  gases. 
Am  Rev  Respir  Dis  1 987; 1 36(2 1:420-425. 

17.  Smith  RB.  Babinski  .MF.  Angell  KE.  Apneic  diffusion  oxygenation 
with  high  flows  of  intratracheal  oxygen.  Respir  Care  I985;30(l):26- 
29. 


18.  Slutsky  AS.  Menon  AS.  Catheter  position  and  bl(KKl  ga.scs  during 
constant-llow  ventilation.  J  Appl  Physiol  I987;62(2):5I3-5I9, 

19.  Slutsky  AS.  WaLson  J.  Leith  DE.  Brown  R.  Tracheal  insufflalion  of 
O;  (TRIO)  at  low  flow  rales  sustains  life  for  several  hours.  Anes- 
thesiology 1985;63(3):278-286. 

20.  Comroe  JH  Jr.  Dripps  RD.  Artiflcial  respiration.  JAMA  1946:1.30: 
381 -.383. 

21 .  Babinski  MF.  Sierra  OG.  Smith  RB.  Leano  E.  Chavez  A.  Caslellanos 
A.  Clinical  application  of  continuous  How  apneic  ventilation.  Acta 
Anaeslhesiol  Scand  l985;29(7):750-752. 

22.  Breen  PH.  Sznajder  Jl.  Morrison  P.  Hatch  D.  Wood  LDH.  Craig  DB. 
Constant  flow  ventilation  in  anesthetized  patients:  efficacy  and  safety. 
Anesth  Analg  1 986;65(  1 1 ):  II 6 1  - 1 1 69. 

23.  Boba  A.  Concotti  JJ.  Piazza  TE.  Landmesser  CM.  The  effects  of 
apnea,  endotracheal  suction,  and  oxygen  insufflation,  alone  and  in 
combination,  upon  arterial  oxygen  saturation  in  anesthetized  patients. 
J  Lab  Clin  Med  1959:53:680-685. 

24.  Bodai  Bl.  Walton  CB.  Briggs  S.  Goldstein  M.  A  clinical  evaluation 
of  an  oxygen  insufflation/suction  catheter.  Heart  Lung  1987:16(1): 
39-46. 

25.  Brochard  L.  Mion  G.  Isabey  D.  Bertrand  C.  Messadi  AA.  Mancebo 
J,  et  al.  Constant-flow  insufflation  prevents  arterial  oxygen  desatu- 
ration  during  endotracheal  suctioning.  Am  Rev  Respir  Dis  1991; 
I44(2):395^00. 

26.  Smith  RM.  Benson  MS.  Schoene  RB.  The  efficacy  of  oxygen  insuf- 
flation in  preventing  artenal  oxygen  desaluration  dunng  endotra- 
cheal suctioning  of  mechanically  ventilated  patients.  Respir  Care 
1987;32(  101:865-869. 

27.  Brochard  L.  Boussignac  G.  Adnot  S.  Bertrand  C.  Isabey  D.  Harf  A. 
Efficacy  of  cardiopulmonary  resuscitation  using  intratracheal  insuf- 
flation. Am  J  Respir  Crit  Care  Med  I996;154(5):1323-I329. 

28.  Hallstrom  A,  Cobb  L.  Johnson  E.  Copass  M.  Cardiopulmonary  re- 
suscitation by  chest  compression  alone  or  with  mouth-to-mouth  ven- 
tilation. N  Engl  J  Med  2(KX);.342( 2 1 ):  1.546-1553. 

29.  Noc  M.  Weil  MH.  Tang  W.  Turner  T.  Fukui  M.  Mechanical  venti- 
lation may  not  be  essential  for  initial  cardiopulmonary  resuscitation. 
Chest  1995;108(3):821-827. 

30.  Tang  W.  Weil  MH.  Sun  S.  Kette  D,  Kette  F.  Gazmuri  RJ.  el  al. 
Cardiopulmonary  resuscitation  by  precordial  compression  but  with- 
out mechanical  ventilation.  Am  J  Respir  Crit  Care  Med  1994:150(6 
Pt  11:1709-1713. 

31.  Branditz  FK.  Kem  KB.  Campbell  SC.  Continuous  transtracheal  ox- 
ygen delivery  during  cardiopulmonary  resuscitation:  an  alternative 
methixl  of  ventilation  in  a  canine  model.  Chest  1989;95(2):44I^148. 

32.  Saissy  JM.  Boussignac  G,  Cheptel  E.  Rouvin  B.  Fontaine  D.  Bargues 
L,  et  al.  Efficacy  of  continuous  insufflation  of  oxygen  combined  with 
active  cardiac  compression-decompression  during  oul-of-hospital  car- 
diorespiratory arrest.  Anesthesiology  20(X);92(6):1523-15.30. 

33.  Benzel  EC.  Mashburn  JP.  Conrad  S.  Modling  D.  Apnea  testing  for 
the  determination  of  brain  death:  a  modified  protocol.  Technical 
note.  J  Neurosurg  1992:76(6):  1029-1031. 

34.  Wijdicks  EFM.  Determining  brain  death  in  adults.  Neurology  1995: 
45(5):  100.3-101 1. 

35.  Marks  SJ,  Zisfein  J.  Apneic  oxygenation  in  apnea  tests  for  brain 
death:  a  controlled  trial.  Arch  Neurol  I990;47(  IO):I066-1068. 

36.  Hoffman  LA.  Novel  strategies  for  delivering  oxygen:  reser\oir  can- 
nula, demand  flow,  and  transtracheal  oxygen  administration.  Respir 
Care  1994;.^9(4):.36.3-377. 

37.  Heimlich  HJ.  Respiratory  rehabilitation  with  transtracheal  oxygen 
system.  Ann  Otol  Rhinol  Laryngol  1982:91(6  Pt  l):643-647. 

38.  Hoffman  LA.  Dauber  JH.  Person  PF.  Openbrier  DR.  Zullo  TG. 
Patient  response  to  transtracheal  oxygen  delivery.  Am  Rev  Respir 
Dis  1987:1.3.5(1 1:15.3-156. 


Respiratory  Care  •  February  2001  Vol  46  No  2 


127 


Tkac  HiAi.  Gas  Insufflation  and  Relatf-:d  Techniques 


39.  Bcrgol'sky  EH.  Hurcwilz  AN.  Airway  insunialion:  physiologic  el- 
fect.s  on  acule  and  chronic  gas  exchange  in  humans.  Am  Rev  Respir 
Dis  1989:l40(4):885-890. 

40.  Hurewitz  AN.  Bergofsky  EH,  Vomero  E.  Airway  insufflation:  in- 
creasing flow  rates  progressively  reduce  dead  space  in  respiratory 
failure.  Am  Rev  Respir  Dis  1991 ;  144(6):  1229-12.^.1. 

41.  Couser  Jl  Jr.  Make  BJ.  Transtracheal  o.xygen  decreases  inspired 
minute  ventilation.  Am  Rev  Respir  Dis  1 9X9; I.VJ( .11:627-6.11. 

42.  Benditt  J.  Pollack  M.  Roa  J.  Celli  B.  Transtracheal  delivery  of  gas 
decreases  the  oxygen  cost  of  breathing.  .Am  Rc\  Respir  Dis  1993; 
147(5):  1207-1 2 10. 

43.  Famey  RJ.  Walker  JM.  Elmer  JC.  Viscomi  VA.  Ord  RJ  Transtra- 
cheal oxygen,  nasal  CPAP  and  nasal  oxygen  in  five  patients  VMih 
obstructive  sleep  apnea.  Chest  1 992;  lOK.S):  1228-123.'). 

44.  Kampelmacher  MJ.  Deensira  M.  \an  Kesteren  RG.  Melissant  CF. 
Douze  JMC.  Lammers  JWJ.  Transtracheal  oxygen  therapy:  an  ef- 
fective and  safe  alternative  to  nasal  oxygen  administration.  Eur  Re- 
spir J  1997:l()(4):828-833. 

45.  Schneider  H.  O'Heam  DJ.  Leblanc  K.  Smith  PL.  O'Donnell  CP. 
Eisele  DW,  el  al.  High-flow  transtracheal  Insufflation  treats  obstruc- 
tive sleep  apnea.  A  pilot  study.  .Am  J  Respir  Crit  Care  Med  2(X)0; 
I61(6):1S69-I876. 

46.  Benumof  JL.  .Scheller  MS.  The  importance  of  transtracheal  jet  ven- 
tilation in  the  management  of  the  difflcult  airway.  Anesthesiology 
1989;71(5):769-778. 

47.  Patel  RC,  Norman  JR.  The  technique  ol  transtracheal  ventilation.  J 
Crit  llln  1996:11:80.3-808. 

48.  Patel  RG.  Percutaneous  transtracheal  jet  ventilation:  a  safe,  quick, 
and  temporary  way  to  provide  oxygenation  and  ventilation  when 
conventional  methods  are  unsuccessful.  Chest  1999;1 16(6):1689- 
1694. 

49.  Villar  J.  Winston  B,  Slutsky  AS.  Non-conventional  techniques  of 
ventilatory  support.  Crit  Care  Clin  1990:6(3):579-603. 

50.  Vernon  D.  Lynch  JM,  Salyer  JW.  High-frequency  jet  ventilation  in 
the  pediatric  intensive  care  unit  (review).  Respir  Care  Clin  N  Am 
1996;2(4):559-571. 

51.  Gluck  E.  Heard  S,  Patel  C.  Mohr  J,  Calkins  J.  Fink  MP,  Landow  L. 
Use  of  ultrahigh  frequency  ventilation  in  patients  with  .ARDS.  .A 
preliminary  report.  Chest  1993;103(5):1413-1420. 

52.  Carlon  GC.  Howland  WS,  Ray  C.  Miodownik  S,  Griffin  JP,  Groeger 
JS.  High-frequency  jet  ventilation:  a  prospective  randomized  evalu- 
ation. Chest  l9S3;84(5):551-5-'i9. 

53.  Evans  KL,  Keene  MH.  Brislow  .AS.  High-frequency  jet  ventilation: 
a  review  of  its  role  in  laryngology.  J  Laryngol  Otol  1994:108(1 ): 
23-25. 

54.  Circeo  LE,  Heard  SO,  Gnffths  E,  Nash  G.  Overwhelming  necrotiz- 
ing tracheobronchitis  due  to  inadequate  humidification  during  high- 
frequency  jet  ventilation.  Chest  1991;100(  l):268-269. 

55.  Spackman  DR,  Kellow  N,  White  SA,  Seed  PT.  Feneck  RO  High 
frequency  jet  ventilation  and  gas  trapping.  Br  J  Anaeslh  1999:83(5): 
708-714. 

56.  Nicklaus  PJ.  Airway  complications  of  jet  ventilation  in  neonates. 
Ann  Otol  Rhinol  Laryngol  I995;l()4(  l):24-3(). 

57.  Naglie  RA,  Donn  SM,  Nicks  JJ,  Bandy  KP.  Gray  JM,  Tracheobron- 
chial and  pulmonary  histopathology  following  conventional  and  high- 
frequency  jet  ventilation.  J  Perinatol  1990;10(1):46-5I. 

58.  Boros  SJ,  Mammel  MC,  Lewallen  PK,  Coleman  JM,  Gordon  MJ, 
Ophoven  J.  Necrotizing  tracheobronchitis:  a  complication  of  high- 
frequency  ventilation.  J  F'ediatr  1986;109(  1 1:95-100. 

59.  Bau  mgart  S,  Spitzer  AR.  intratracheal  pulmonary  ventilation,  the 
latest  new  ventilation  technique  for  supporting  diffuse  lung  injury: 
Do  we  jump  on  the  bandwagon?  Crit  Care  Med  2000:28(5):  1674- 
1675. 


60.  Kolobow  T,  Powers  T,  Mandava  S.  Aprigliano  M,  Kawaguchi  A, 
Tsuno  K.  Mueller  E.  Intratracheal  pulmonary  ventilation  (ITPV): 
control  of  positive  end-expiratory  pressure  at  the  level  of  the  carina 
through  the  use  of  a  novel  ITPV  catheter  design.  Anesth  .Analg 
1994;78(3):455-161. 

61  Velarde  CA.  Short  BL.  Rivera  O.  Scale  W.  Howard  R.  Kolobow  T, 
Rais-Bahrami  K.  A  comparison  of  intratracheal  pulmonary  ventila- 
tion to  conventional  ventilation  in  a  surfactant  deficient  animal  model. 
Crit  Care  Med  2()(M);28(5):  145.5-1458. 

62.  Hon  EK,  Hultquist  KA.  Loescher  T,  Raszynski  A.  Torbati  D,  Taba- 
res  C,  Wolfsdorf  J,  Intratracheal  pulmonary  ventilation  in  a  rabbit 
lung  injury  model:  continuous  airway  pressure  monitoring  and  gas 
exchange  etTicacy.  Crit  Care  Med  2000:28(7 ):2480-2485. 

63.  Rossi  N.  Musch  G,  Sangalli  F,  Verweij  M,  Patroniti  N.  Fumagalli  R. 
Pesenti  A.  Reverse-thrust  ventilation  in  hvpercapnic  patients  with 
acute  respiratory  distress  syndrome:  acute  physiologic  effects.  .Am  J 
Respir  Crit  Care  Med  2(K)0;  1620:36.3-368. 

64.  Rossi  N,  Kolobow  T.  Aprigliano  M,  Tsuno  K.  Giacomini  M.  Intra- 
tracheal pulmonary  ventilation  at  low  airway  pressures  in  a  ventila- 
tor-induced model  of  acute  respiratory  failure  improves  lung  func- 
tion and  survival.  Chest  1998:1 14(4):l  147-1 157. 

65.  Trawoger  R,  Kolobow  T.  Cereda  M.  Giacomini  M,  Usuki  J.  Horiba 
K,  Ferrans  VJ.  Clearance  of  mucus  from  endotracheal  tubes  during 
intratracheal  pulmonary  ventilation.  Anesthesiology  1997;86(6): 
1367-1374. 

66.  Perez  CA,  Bui  KC,  Bustorff-Silva  J,  Atkinson  JB.  Comparison  of 
inU'atracheal  pulmonary  ventilation  with  hybrid  intratracheal  pulmo- 
nary ventilation  in  a  rabbit  inodel  of  acule  respiratory  distress  syn- 
drome by  saline  lavage.  ASAIO  J  I999:45(5):496-501. 

67.  Raszynski  A,  Hultquist  KA.  Latif  H,  Sussmane  J.  Soler  M.  Alam  A. 
et  al.  Rescue  from  pediatric  ECMO  with  prolonged  hybrid  intratra- 
cheal pulmonary  ventilation:  a  technique  for  reducing  dead  space 
ventilation  and  preventing  ventilator  induced  lung  injury.  .ASAIO  J 
1993:39(3):M68I-M685. 

68.  Wilson  JM,  Thompson  JR.  Schnilzer  JJ,  Bower  LK,  Lillehei  CW, 
Perlman  ND,  et  al.  Intratracheal  pulmonary  ventilation  and  congen- 
ital diaphragmatic  hernia:  a  report  of  two  cases.  J  Pediatr  Surg  1 993; 
28(31:484-487. 

69.  Makhoul  IR,  Bar-Joseph  G,  Blazer  S,  Halberlhal  .\1S.  Oren  R,  Sujov 
P.  Intratracheal  pulmonary  ventilation  in  premature  infants  and  chil- 
dren with  intractable  hypercapnia.  .ASAIO  J  1998;44(  1  ):82-88. 

70.  Carlon  GC,  Combs  ,AH.  Mechanical  ventilation  and  the  diseased 
lung.  Crit  Care  Med  2000;2S(7):2662-2664. 

7 1 .  Adams  AB.  Tracheal  gas  insufflation  ( TGI ).  Respir  Care  1 996;41  (4): 
285-291;  discussion  292-293. 

72.  Ravenscraft  SA.  Tracheal  gas  insufflation:  .Adjunt  to  conventional 
mechanical  ventilation.  Respir  Care  1996;41(2):105-1 1 1. 

73.  Imanaka  H.  Kacmarek  RM.  Riggi  V,  Rilz  R.  Hess  D.  Expiratory 
phase  and  volume-adjusted  tracheal  gas  insufflation:  a  lung  model 
study.  Crit  Care  Med  1998;26(5):939-946. 

74.  Gowski  DT,  Delgado  E,  Miro  AM,  Tasota  FJ,  Hoffman  LA.  Pinsky 
MR.  Tracheal  gas  insufflation  during  pressure-control  ventilation: 
effect  of  using  a  pressure  relief  valve.  Crit  Care  Med  1997:25(1 ): 
145-152, 

75.  Delgado  E.  Miro  AM.  Hoffman  LA,  Tasota  FJ,  Pinsky  MR.  Con- 
tinuous and  expiratory  tracheal  gas  insufflation  produce  equal  levels 
of  total  PEEP.  Respir  Care  1999;44(5):428-f33. 

76.  Cereda  MF,  Sparacino  ME,  Frank  ,AR,  Trawoger  R.  Kolobow  T. 
Efficacy  of  tracheal  gas  insufflation  in  spontaneously  breathing  sheep 
with  lung  injury.  Am  J  Respir  Crit  Care  Med  1999;159(3):845-850. 

77.  Kirmse  M,  Fujino  ')'.  Hromi  J.  Mang  H.  Hess  D,  Kacmarek  RM. 
Pressure-release  tracheal  gas  insufflation  reduces  airway  pressures  in 
lung-injured  sheep  maintaining  eucapnia.  Am  J  Respir  Crit  Care 
Med  1999:160(5  Pi  11:1462-1467. 


128 


Respiratory  Care  •  February  2001  Vol  46  No  2 


Tracheal  Gas  Insufflation  and  Rixatrd  Tlchniques 


78.  Nahum  A,  Chandra  A.  Niknam  J,  Ravcnscrafi  SA.  Adams  AB.  Marini 
JJ.  EITccI  ol  irachcal  gas  insiitnation  on  j-as  exchange  in  canine  oleic 
acid-induced  lung  injury.  Cril  Care  Med  IW5;23(2):.UX-.1.S6. 

79.  Naliuni  A.  Shapiro  RS.  Ravenscrall  S.\,  Adams  AB.  Marini  JJ. 
EITicacy  ol' e\piralor>  tracheal  gas  insulllalion  m  a  canine  model  of 
lung  injury.  Am  J  Respir  Cril  Care  Med  IW.';;l.s:(:i:4S'»^4.'i. 

80.  Nahum  A,  Ravenscrall  SA.  Nakos  G.  Adams  AB,  Burke  WC.  Marini 
JJ.  Effecl  olcalheler  now  direclion  on  CO,  removal  during  tracheal 
gas  in.sumalion  in  dogs.  J  AppI  Physiol  |y9.V,7.S(.1):l2.18-1246. 

81.  Meszaros  E,  Ogawa  R.  Continuous  low-llow  tracheal  gas  insuflla- 
lion  during  partial  liquid  ventilation  in  rabbits.  Ada  Anaesthesiol 
Scand  lW7;4l(7i:S6l-S67. 

82.  Ravenscralt  SA.  Shapiro  RS.  Nahum  A.  Burke  WC,  Adams  AB, 
Nakos  G,  Manni  JJ.  Tracheal  gas  insulllalion:  catheter  elfeclivcness 
determined  by  expiratory  Hush  \olume.  .'\m  J  Respir  Cril  Care  Med 
IWM.S.^ld  Pi  1):1SI7-I824. 

8.1.  Burke  WC,  Nahum  A,  Ravenscralt  SA.  Nakos  G.  Adams  AB.  Marcy 
TW,  Marini  JJ.  Modes  of  tracheal  gas  insuinalion.  Comparison  ol 
continuous  and  phase-  specific  gas  injection  in  normal  dogs  Am  Rc\ 
Respir  Dis  199.V.148(.1):.S62-.=i68. 

84.  Imanaka  H.  Kirmse  M.  Mang  H.  Hess  D.  Kacmarek  RM.  Expiratory 
phase  tracheal  gas  insuftlalion  and  pressure  control  in  sheep  with 
pemiissive  hypercapnia.  .Am  J  Respir  Cril  Care  Med  l'W9;l.'iy|  I ): 
49-.';4. 

85.  Okamoto  K,  Kishi  H.  Choi  H.  Sato  T.  Combination  ol'  tracheal  gas 
insufflation  and  airway  pressure  release  \entilation.  Chest  1997: 
1I1(5):I366-I.174. 

86.  Nahum  A,  Ravenscraft  SA,  Nakos  G,  Burke  WC,  Adams  AB,  Marcy 
TW,  Marini  JJ.  Tracheal  gas  insufflation  during  pressure-control 
ventilation:  effect  of  catheter  position,  diameter,  and  flow  rate.  Am 
Rev  Respir  Dis  I992;I46(6):141 1-1418. 

87.  Nahum  A,  Ravenscralt  SA,  Adams  AB.  Maniii  JJ,  Inspiratory  tidal 
volume  sparing  effects  of  tracheal  gas  insufflation  in  dogs  with  oleic 
acid-induced  lung  injury.  J  Crit  Care  199.';:1(){.'():1 15-121. 

88.  Nahum  A.  Ravenscraft  SA,  Adams  AB,  Marini  JJ.  Distal  effects  of 
tracheal  gas  insufflation:  changes  with  catheter  position  and  oleic 
acid  lung  injuo'.  J  Appl  Physiol  I996:8I(3):1 121-1 127. 

89.  Ravenscraft  SA.  Burke  WC.  Nahum  A,  Adams  AB,  Nakos  G,  Marcy 
TW,  Miuini  JJ.  Tracheal  gas  insufflation  augments  CO,  clearance 


during   mechanical    venlilulion.    Am    Rev    Respir    Dis    1993:148(2): 
.34.5-.V51. 

90.  Nakos  G.  Zakinlhinos  S.  Kolanidou  A.  Tsagaris  H.  Roussos  C.  Tra- 
cheal gas  insufflation  reduces  the  tidal  volume  while  P^,,,  is  main- 
tained constant.  Intensive  Care  Med  l'W4:20(6):407^l.3. 

91.  Levy  B.  Bollaert  PE,  Nace  L,  Larcan  A  Intracranial  hypertension 
and  adult  respiratory  distress  syndroine;  usefulness  of  tracheal  gas 
insufflation   J  Trauma  1995:.39(4):799-80l. 

92.  Belghilh  M,  Fierobe  L.  Brunei  F,  Monchi  M.  Mira  JP.  Is  tracheal  gas 
insufflation  an  alternative  to  extrapulmonary  gas  exchangers  in  se- 
vere ARDS?  Chest  I995:I07(5):I4I6-14I9. 

93.  Kalfon  P,  Rao  GS,  Gallarl  L,  Puybassct  L.  Coriat  P.  Rouby  JJ. 
Permissive  hypercapnia  with  and  without  expiratory  washout  in  pa- 
tients with  severe  acute  respiratory  distress  syndrome.  Anesthesiol- 
ogy 1997:87(1):6-I7. 

94.  Hoyt  JD,  Marini  JJ,  Nahum  .\.  Lllecl  of  tracheal  gas  insufflation  on 
demand  valve  triggering  and  total  work  during  continuous  positive 
airway  pressure  ventilation.  Chest  1996:1  IO(3):775-783. 

95.  Bamett  CC.  Moore  FA.  Moore  EE.  Partriek  DA,  Goodman  J,  Burch 
JM,  Haenel  JB  Tracheal  gas  insufflation  is  a  useful  adjunct  in  per- 
missive hypercapnic  management  of  acute  respiratory  distress  syn- 
drome. Am  J  Surg  1996:172(51:518-521:  discussion  521-522. 

96.  Richecocur  J,  Lu  Q,  Vieira  SR,  Puybasset  L,  Kalfon  P,  Coriat  P, 
Rouby  JJ.  Expiratory  washout  versus  optimization  of  mechanical 
ventilation  during  permissive  hypercapnia  in  patients  with  severe 
acute  respiratory  distress  syndrome.  Am  J  Respir  Cril  Care  Med 
1999:160(1  ):77-85. 

97.  Hoffman  LA,  Miro  AM,  Tasola  FJ,  Delgato  E,  Zullo  TG,  Lutz  J, 
Pinsky  MR.  Tracheal  gas  insufflation.  Limits  of  efficacy  in  adults 
with  acute  respiratory  distress  syndrome.  Am  J  Respir  Crit  Care  Med 
20(K):  162(2  Pt  I  ):.387-392. 

98.  De  Robertis  E.  Sigurdsson  SE,  Drefeldt  B,  Jonson  B.  Aspiration  of 
airw  ay  dead  space.  A  new  method  to  enhance  CO,  elimination.  Am  J 
Respir  Cril  Care  Med  1999:l59(3):728-732. 

99.  Takahashi  T.  Bugedo  G,  Adams  AB,  Bliss  PL,  Marini  JJ.  Effects  of 
tracheal  gas  insufflation  and  tracheal  gas  exsufflalion  on  intrinsic 
positive  end-expiratory  pressure  and  carbon  dioxide  elimination.  Re- 
spir Care  1999,44(8):9l8-924. 


Respiratory  Care  •  February  2001  Voi  46  No  2 


129 


Ventilator-Induced  Lung  Injury  and  the  Evolution  of  Lung-Protective 
Strategies  in  Acute  Respiratory  Distress  Syndrome 
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A  Role  for  Tracheal  Gas  Insufflation? 
Beyond  Acute  Respiratory  Distress  Syndrome 
Summary 

Traditional  ventilator  management  of  acute  respiratory  distress  syndrome  (ARDS),  emphasizing 
normalization  of  blood  gases,  promoted  high  rates  of  conventional  barotrauma.  Research  revealed 
a  broader  range  of  ventilator-induced  lung  injury,  physiologically  and  histopathologically  indistin- 
guishable from  ARDS  itself.  It  is  now  known  that  overdistention  and  cyclic  inflation  of  injured  lung 
can  exacerbate  lung  injury  and  probably  promote  systemic  inflammation,  effects  minimized  by  low 
tidal  volumes/plateau  pressures  and  by  application  of  positive  end-expiratory  pressure.  No  com- 
pelling data  suggest  a  safe  interval  for  nonprotectivc  ventilation  in  humans;  historically  defined 
"low"  tidal  volumes  may  remain  excessive  for  certain  patients.  Protective  ventilation,  however, 
entails  carbon  dioxide  accumulation  ("permissive  hypercapnia").  Despite  extensive  study,  debate 
remains,  even  over  whether  consequent  respiratory  acidosis  is  harmful,  tolerable  with  physiologic 
adaptation,  or  intrinsically  adaptive.  Its  gross  systemic  effects  seem  generally  tolerated  by  critically 
ill  patients;  however,  subsets,  including  those  w ith  ischemic  heart  disease,  left  or  right  heart  failure, 
pulmonary  hypertension,  or  cranial  injury,  may  be  at  higher  risk.  In  controlled  trials  demonstrat- 
ing mortality  benefit  from  lung-protective  ventilation,  acidosis  was  more  tightly  controlled  than  in 
negative  studies.  Decreased  acidosis-associated  dyspnea  probably  explains  reduced  use  of  sedati\es 
and  paralytics  noted  in  those  trials.  There  may  thus  be  disparate  goals  in  ARDS  management:  rapid 
institution  of  a  restrictive  ventilatory  strategy,  and  avoidance  of  significant  acidosis.  We  review  data 
pertaining  to  ARDS  physiology,  ventilator-induced  lung  injury,  lung-protective  ventilatory  strate- 
gies, and  the  physiology  of  respiratory  acidosis.  Tracheal  gas  insufflation  is  considered  as  a  means 
to  reconcile  the  clinical  goals  of  ventilatory  reduction  and  control  of  acidosis. 

AVv  words:  tracheal  gas  insufflution.  vcntilalor-indtucd  lung  injiin:  barotrauma,  volutrauma.  mechan- 
ical ventilation,  acute  respiratory  distress  syndrome.  ARDS.  respiratory  acidosis,  permissive  hypercap- 
nui.     IRespirCare  2001.46(2):130-148] 
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Intnxliu'tioii 

Tracheal  jias  msutnalion  (  I'Cil)  has  been  proposed  as  an 
adjuiKl  to  mechanical  ventilation,  especially  in  clinical 
settings  demanding  a  low  tidal  volume  (V, )  "lung-protec- 
tive" approach,  in  which  carbon  dioxide  accumulation  is 
an  issue.  Concerns  over  \eiUilator-induced  lung  injurs  and 
lung-prolecti\e  ventilatory  strategies  are  particularly  rele- 
vant to  the  management  of  acute  respiratory  distress  syn- 
drome (ARDS).  This  article  reviews  the  evidence  in  sup- 
port of  evolving  lung-protective  strategies,  with  special 
reference  to  ARD.S.  and  examines  the  clinical  importance 
of  permissive  hypercapnia.  Additional  applications  of  TGI 
to  clinical  care  are  also  considered. 

Pathophysiology  of  Acute  Respiratory  Distress 
Syndrome 

The  appellation  "respirator)  distress  s\  ndronie"  w  as  tirst 
applied  to  adults  by  Ashbaugh  et  al  in  1%7.'  Although  il 
had  been  recognized  for  decades  that  profound  physit)- 
logic  disturbances  such  as  trauma,  sepsis,  and  pancreatitis 
could  lead  to  severe  pulmonarv  pathology,  it  was  not  until 
Ashbaugh"s  landmark  study  that  the  process  was  recog- 
nized as  a  discrete  entity  with  clinical  and  pathologic  fea- 
tures closely  reminiscent  of  those  in  infantile  respiratory 
distress  syndrome.  Manifestations  in  the  original  descrip- 
tion included  "severe  dyspnea,  tachypnea,  cyanosis  refrac- 
tory to  oxygen  therapy,  loss  of  lung  compliance,  and  dif- 
fuse alveolar  infiltration  seen  on  chest  x-ray."  Initial 
ventilator  support  was  pressure-cycled,  but  this  approach 
"would  not  deliver  adequate  volumes  at  the  high  pressures 
required."  and  subsequent  support  was  v ulume-cycled.  On 
the  respiratory  support  strategy  adopted  by  Ashbaugh.  only 
4  of  12  patients  had  arterial  partial  pressure  of  carbon 
dioxide  (R.c,,,)  >  4.'5  mm  Hg:  the  highest  P^co,  measured 
was  63  mm  Hg.  Overall  mortality  was  58<7r.  Notably,  the 
single  therapeutic  intervention  bevond  general  supportive 
care  that  appeared  to  be  helpful  was  the  application  of 
positive  end-expiratory  pressure  (PEEP). 
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Thirtv-foiir  yeais  later.  Ashbaugh's  initial  description 
remains  icmarkablv  apt.  While  the  diagnostic  requirements 
ol  AKUS  have  been  only  slightly  relined.-  the  pathophys- 
iologic derangements  have  become  substantially  better 
characieri/ed  over  the  intervening  decades  (Fig.  1).  The 
proximal  inciting  event  appears  to  be  pulmonary  vascular 
eiuloihclial  injury  by  innaminaiory  mediators,  radical  ox- 
ygen species,  ami  other  toxic  substances  elaborated  by 
activated  innammaiory  cells.  Positron  emission  tomogra- 
phy scanning  suggests  that  this  increased  vascular  perme- 
ability may  initially  be  relativelv  uniform  throughout  the 
lung.'  Alveolar  capillary  membrane  disruption  leads  to 
accumulation  of  proteinaceous  noncardiogenic  edema  fluid 
in  the  air  spaces,  a  histopathologic  picture  referred  to  as 
diffuse  alveolar  damage.  Secondary  surfactant  dysfunction 
further  impairs  gas  exchange.  Edematous  lung  promotes 
collapse  of  dependent  lung  units.  Thus,  while  the  plain 
radiographic  picture,  like  the  positron  emission  tomogra- 
phs scan,  shows  a  diffuse  bilateral  process,  higher  resolu- 
tion computed  tomograph)  scans  reveal  marked  underly- 
ing heterogeneity,  with  areas  of  consolidation,  particularly 
in  dependent  regions,  interspersed  with  areas  of  normal- 
appearing  lung.^  ^  If  unchecked,  the  process  can  progress 
to  a  fibroproliferative  phase,  marked  by  irregular  collagen 
deposition  and  permanent  loss  of  compliance.  Overall  mor- 
tality from  ARDS  remains  high,  ranging  from  40^-'^  to  509c 
in  most  studies. 

Important  insights  have  evolved  from  this  detailed  char- 
acterization of  the  pathophysiolog)  of  .-XRDS.  Though  over- 
all pulmoiiar)  radiographic  density  is  increased  in  ARDS 
patients,  radiographically  spared  areas  retain  normal  com- 
pliance.** This  has  led  to  the  concept  of  ARDS-affected 
lungs  as  small  rather  than  stiff,  characterized  bv  fewer 
functional  alveoli  rather  than  diffusel)  decreased  compli- 
ance— the  "habv  lung"  moilel.^  C"omputed  tomograph) 
scanning  during  tidal  breathing  suggests  that  a  .^-compart- 
ment model  may  best  depict  the  lung  during  early  ARDS. 
In  addition  to  an  essentiallv  normal  compartment  and  an 
irremediably  consolidated  com[iartment.  there  is  a  com- 
partment that  is  "recruitable."  collapsed  at  low  airway  pres- 
sures but  inflating  with  sufficient  distending  pressures. 
During  tidal  breathing  al  low  levels  of  PEEP,  this  com- 
partment can  be  observed  to  collapse  and  reinflate  cycli- 
callv."  PEEP  improves  oxygenation  to  a  degree  propor- 
tional to  the  amount  of  this  recruitable  lung.'"  accounting 
in  part  for  Ashbaugh's  original  obsenation  of  its  benefits.' 
With  increased  airwa)  pressure,  recruitable  lung  expands, 
but  nondependent.  normal  alveolar  regions  are  prone  to 
overdistention  (Fig.  2).  Static  compliance  increases  in  the 
recruited  lung  regions  but  decreases  in  the  overdistended 
lung,  leading  to  a  redistribution  of  ventilation."  These 
basic  characteristics  of  pulmonary  physiology  in  the  ARDS 
patient  inform  the  following  discussion  of  the  evolution  of 
appropriate  ventilatory  strategies. 
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Fig.  1.  Normal  alveolus  (left)  and  injured  alveolus  in  the  acute  phase  of  the  acute  respiratory  distress  syndrome  (right). 
The  inciting  event  is  thought  to  be  injury  of  pulmonary  vascular  endothelium.  Bronchial  and  alveolar  epithelium  sloughs 
and  contributes  to  hyaline  membrane  formation.  Neutrophils  marginate  through  interstitium  into  air  space,  where  they 
release  oxidants,  proteases,  and  other  proinflammatory  molecules.  Alveolar  macrophages  secrete  cytokines,  interleu- 
kins,  and  tumor  necrosis  factor  a.  stimulating  chemotaxis  and  activating  neutrophils,  promoting  a  cycle  of  inflammation 
and  injury.  Protein-rich  edema  fluid  tills  the  alveolus,  contributing  to  surfactant  dysfunction.  IL  =  interleukin.  PAF  = 
platelet-activating  factor.  MIF  =  macrophage  inhibitory  factor.  (From  Reference  3,  with  permission.) 


Traditional  Mechanical  Ventilation  in  Acute 

Respiratory  Distress  Syndrome:  Strategies  and 

Complications 

.Mthough  in  Ashbuugh's  original  series,  4  of  12  ARDS 
patients  were  not  mechanically  ventilated  at  the  time  of 
diagnosis,  all  required  mechanical  ventilation  during  the 
courses  of  their  diseases.  Indeed,  while  not  part  of  the 
formal  definition,  the  need  for  mechanical  ventilatory  sup- 


port is  virtually  a  sine  qua  non  for  ARDS.  Important  ad- 
vances have  been  made,  and  continue  to  be  made,  in  deter- 
mining the  risks  and  benefits  of  such  support  and  in  improving 
the  safety  and  efficacy  of  mechanical  ventilation. 

""Traditional"  ventilator  management  in  ARDS.  as  in 
other  causes  of  respiratory  failure,  emphasized  unloading 
of  respiratory  musculature  and  normalization  of  blood 
gases.  The  fraction  of  inspired  oxygen  (F,o,)  was  titrated 
to  provide  oxygen  saturations  in  the  range  of  88-95%. 
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Fig.  2.  Compliance  distributed  in  ventral  (upper  graph),  middle 
(middle  grapti).  and  dorsal  {lower  graph)  lung  in  a  supine  acute 
respiratory  distress  syndrome  patient,  at  5  different  levels  of  pos- 
itive end-expiratory  pressure  (PEEP).  Vertical  comparisons:  In 
relatively  spared  upper  lung,  compliance  is  essentially  normal. 
Compliance  trends  toward  moderate  reduction  in  the  middle 
region.  Compliance  is  markedly  reduced  in  the  lower  region  (f  = 
p  <  0.01).  Honzontal  comparisons:  In  relatively  normal  upper  lung, 
increasing  PEEP  leads  to  overdistention  and  decreased  compli- 
ance. In  middle  lung,  there  is  no  change  in  compliance  with  PEEP. 
Lower  lung  units  are  recruited  with  PEEP,  increasing  compliance 
(*  =  p  <  0.05,  •■  =  p  <  0.01).  Data  are  mean  i  SEM.  (From 
Reference  7,  with  permission.) 

PEEP  was  used  variably,  but  typically  increased  with  in- 
creasing F|o,  requirement.'-  Supraphysiologic  Vj  in  the 
range  of  10-15  mL/kg  was  standard,"  '■*  based  in  large 
part  on  an  anesthesia  literature  suggesting  that  microatel- 
ectasis  and  worsening  gas  exchange  resulted  from  shal- 
lower breaths.  Respiratory  rate  was  then  adjusted  to  pro- 
vide minute  ventilation  adequate  to  normalize  P,,co,  ''"'^ 
pH.  Often  the  high  pressure  requirements  of  this  strategy 
necessitated  volume-cycled  modes  of  ventilation. 

Conventional  Barotrauma 

Traditional  ventilator)  strategies,  though  frequently  ca- 
pable of  achieving  their  express  goals  of  near  normal  ar- 


icnal  pani.il  pressure  of  oxygen  (P.,,,)  and  P.,,,,,,  were 
associated  from  the  siarl  with  well-dermed  hazards,  initial 
concerns  emphasized  a  range  of  clinically  and  radiograph- 
ically  apparent  lung  injury  collectively  referred  to  as  "baro- 
trauma." This  familiar  phenomenon,  studied  in  detail  by 
Macklin  and  Macklin,"  is  characterized  by  gas,  escaped 
from  ruptured  alveoli,  tracking  through  bronchovascular 
sheaths  and  adjoining  tissue  planes  to  yield  pulinonary 
interstitial  emphyseina,  subcutaneous  emphysema,  pneu- 
momediastinum, and  pneumothorax  as  its  principal  mac- 
roscopic manifestations.  Experimental  overinllation  of 
fresh  cadaver  lungs  suggested  different  profiles  of  pres- 
sure excess  in  the  pathogenesis  of  different  patterns  of 
barotrauma.  Intermittent  excessive  pressures  resulted  in 
the  rupture  of  peripheral  alveoli  and  pneumothorax,  while 
less  extreme  but  more  sustained  pressure  elevations  led  to 
pneumomediastinum  and  subcutaneous  emphysema.'* 
Both  pressure  profiles  could  be  seen  in  traditional  venti- 
latory management. 

Barotrauma  occurred  at  widely  varying  rates  in  different 
series  of  mechanically  ventilated  patients,  but  patterns  of 
predisposition  began  to  emerge.  In  a  prospecti\e  study  of 
354  patients  undergoing  assisted  ventilation,  Zwillich  et  al 
reported  an  overall  pneumothorax  incidence  of  4.2%.''' 
There  were  significant  assi)ciations  with  younger  age  and 
use  of  PEEP.  Ventilatory  pressures  were  not  noted.  Baro- 
trauma incidence  was  similar  in  a  subsequent  prospective 
study  of  55.3  patients  receiving  ventilator  support."*  Al- 
though the  overall  rate  was  49r.  patients  undergoing  vol- 
ume-cycled ventilation  had  a  barotrauma  frequency  of  9%, 
significantly  higher  than  the  1 '/;  rate  associated  with  pres- 
sure-cycled ventilation.  Use  of  PEEP  increased  barotrauma 
to  15%;  the  explicit  indication  for  PEEP  was  an  F|o,  re- 
quirement >  0.5  to  maintain  P.,u^  >  60  mm  Hg.  Petersen 
and  Baier  found  an  8%  rate  of  pneumomediastinum,  sub- 
cutaneous emphysema,  or  pneumothorax  in  an  exclusively 
medical  intensive  care  population.  Those  with  barotrauma 
were  younger,  had  higher  peak  inspiratory  pressure  (PIP), 
and  had  higher  levels  of  maximum  PEEP.''*  Indeed,  pul- 
monary barotrauma  incidence  was  43'7f  with  PIP  >  70  cm 
H,0.  89r  with  PIP  of  50-70  cm  H,0.  and  0'7c  with  PIP  < 
50  cm  H2O.  Although  the  authors  did  not  specifically  note 
the  association,  half  of  the  patients  with  barotrauma  car- 
ried a  diagnosis  of  ARDS.  This  diagnostic  association  im- 
plicit 111  the  aforementioned  studies  was  made  explicit  by 
Gammon  el  al  in  a  retrospective  analysis  of  13y  intubated 
patients.'"  Mediastinal  cmphvsema  or  pneumothorax  was 
seen  in  24'i  of  patients  overall,  hut  in  669r  of  ARDS 
patients.  Patients  with  barotrauma  had  higher  PIP.  PEEP, 
respiratory  rate,  and  minute  ventilation  than  patients  with- 
out this  complication;  however,  these  associations  were 
largely  due  to  their  cosegregation  with  the  higher-risk 
ARDS  population. 
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Systemic  Gas  Kmholization 

Gas  escaping  tiDin  injured  lung  need  noi  be  contained  in 
extra-alveolar  spaces  of  the  thorax.  A  further  complica- 
tion, described  in  adults  by  Marini  and  Cuher.-'  is  sys- 
temic embolization  of  gas  via  a  bronchovcnous  connec- 
tion, leading  in  severe  cases  to  a  syndrome  of  livedo 
reticularis,  cerebral  infarction,  and  myocardial  injury.  Akin 
to  its  occurrence  in  diving  accidents,  microembolization  of 
gas  impedes  blood  flow  through  small  vessels  mechani- 
cally and  by  induced  vasospasm,  promoting  tissue  isch- 
emia. While  the  small  quantities  and  rapid  resorption  of 
embolized  gas  make  definitive  diagnosis  singularly  diffi- 
cult, Marini  and  Cuher  speculated  that  in  certain  clinical 
contexts  such  unexplained  conditions  as  sudden  agitation, 
delirium,  and  local  pain  might  be  ascribable  to  this  com- 
plicatii)n  of  mechanical  ventilation,-' 

Ventilator-Induced  Lung  Injury 

While  subcutaneous  emphysema,  pneumothorax,  pneu- 
momediastinum, and  perhaps  systemic  gas  embolism  are 
important  causes  of  morbidity  and  mortality  in  mechani- 
cally ventilated  patients,  manifest  air  leaks  do  not  com- 
prehend the  spectrum — indeed,  are  probably  not  the  most 
important  form — of  what  has  come  to  be  known  as  ven- 
tilator-induced lung  injury  (VILI).  A  great  deal  of  atten- 
tion has  focused  in  recent  years  on  data,  particularly  from 
animals,  showing  that  mechanical  ventilation  can  cause  a 
pattern  of  diffuse  lung  injury  indistinguishable  from  the 
histopathology  characteristic  of  early  ARDS. 

The  possibility  that  high-pressure  ventilation  of  lungs 
with  heterogeneous  compliance  characteristics  could  itself 
cause  hemorrhage  and  hyaline  membrane  formation  was 
suggested  by  Mead  et  al.--  Teplitz  extended  this  reasoning 
to  suggest  that  ARDS  might  be  considered  an  iatrogenic 
process  due  to  the  aggressive  mechanical  ventilatory  sup- 
port of  patients  w ith  noncardiogenic  pulmonary  edema.-' 
He  t)bsersed  that  pulmonary  pathology  specimens  collected 
from  burn  patients  prior  to  1963  rarely  showed  hyaline 
membrane  formation,  whereas  hyaline  membranes  became 
more  common  after  196.^.  This  distinction  correlated  with 
the  development  of  routine  clinical  blood  gas  monitoring, 
and  hence  with  the  institution  of  more  vigorous  interven- 
tions in  patients  with  severe  gas  exchange  abnormalities. 
These  speculations  were  pnnocative  and  insightful,  and 
v>.hile  few  would  argue  that  ARDS  is  tundamentally  iat- 
rogenic, there  is  now  widespread  agreement  that  mechan- 
ical ventilation  can  contribute  to  this  suhiler  but  profound 
form  of  lung  injury. -■'-'^ 

A  plethora  of  animal  studies  have  amassed  demonstrat- 
ing that  lung  injury  can  be  exacerbated,  or  created  de 
no\ o,  under  certain  patterns  of  mechanical  ventilation.  In- 
sights have  been  gained  int(.)  the  nature  ol  alterations  in 


pulmonarx  capillary  permeability,  the  relative  importance 
of  extremes  of  pressure  and  volume,  the  role  of  cyclic 
recruitment  and  derecruitment.  and  the  respective  contri- 
butions of  PEEP  and  V, .  Since  these  issues  lie  at  the  very 
heart  of  contemporary  volume-limited  \entilators  strate- 
gies, they  bear  further  consideration  here.  VILI  has  been 
comprehensively  reviewed  in  a  recent  report  by  Dreyfuss 
and  Saumon.-"^ 

Normal  Lungs 

Greenfield  et  al  were  among  the  first  to  demonstrate  that 
mechanical  \entilation  at  high  airway  pressures  was  asso- 
ciated with  lung  damage.  They  exposed  healthy  dogs  to 
PIP  of  26 -.32  cm  HiO  over  2  hours.  Twenty-four  hours 
later,  diffuse  bilateral  atelectasis  developed,  in  apparent 
concert  with  an  increase  in  the  minimum  surface  tension 
of  saline  lavage  tluid.  These  changes  were  attributed  to 
depletion,  alteration,  or  interference  with  the  activity  of 
surfactant  because  of  overinflation.-''  Barsch  et  al  \enti- 
lated  dogs  for  1-3  days  at  PIP  of  34  cm  H.O.  and  discov- 
ered, in  addition  to  substantial  atelectasis,  vascular  dam- 
age, pulmonary  edema,  hemorrhage,  and  hyaline  membrane 
formation.-" 

Webb  and  Tiemey  showed  that,  in  some  preparations  at 
least,  pulmonary  edema  due  to  high-pressure  mechanical 
ventilation  could  develop  much  more  rapidly.-^  Normal 
rats  were  ventilated  with  a  range  of  peak  airway  pressures. 
No  pulmonary  edema  developed  after  60  minutes  at  pres- 
sures of  14  cm  HoO.  but  moderate  edema  developed  with 
30  cm  H.O  peak  pressure.  At  pressures  of  45  cm  H.O. 
severe  pulmonary  edema,  hypoxemia,  and  decreased  lung 
compliance  were  observed  after  as  little  as  13  minutes. 
Microscopic  evaluation  of  the  edema  tluid  showed  an  eo- 
sinophilic staining  pattern  consistent  with  a  high  protein 
content  and  suggestive  of  increased  vascular  permeabilitv 
and  exudation.-**  Electron  microsct)pic  observations  in  a 
similar  model  showed  a  pattern  of  diffuse  alveolar  damage 
and  endothelial  disruption.-" 

Kolobow  et  al  explored  the  effects  of  high-pressure  ven- 
tilation in  healthy  sheep'"  to  determine  whether  distending 
pressures  similar  to  those  routinelv  used  in  the  clinical 
inanagement  of  acute  respiratory  failure  were  injurious  to 
large  animal  lungs.  They  were  motivated  by  a  compelling 
disparity  in  the  outcomes  of  two  extracorporeal  membrane 
oxygenation  (ECMO)  trials.  The  National  Institutes  of 
Health-sponsored  ECMO  collaborative  studv  had  failed  to 
show  a  moitalitv  benefit  when  ECMO  was  used  as  an 
adjunct  to  ■'stale  of  the  art""  ventilatory  management." 
Gattinoni  et  al  showed  dramaticallv  better  results  when 
similar  patients  placed  on  ECMO  underw  ent  low  -frequency 
ventilation  with  PIP  <  3.5  cm  H^O,  an  improvement  they 
attributed  to  reduced  ventilator-associated  lung  injury.'- 
Consistent  with  that  hvpothesis,  Kolobow  et  al  found  that 
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mechanical  \i.Mililalion  ol  hcalllis  paial\/cd  slK-cp  at  I'll' 
ot  50  cm  H.O  led.  over  a  matter  ol  hours,  to  deieriorating 
pulmonary  mechanics,  respiratory  lailure,  and  severe  limjj 
damage  at  autopsy.  By  contrast.  V,  of  10  inl./k;j  \uih 
associated  PIP  of  15-20  cm  H.O  yielded  preserved  me- 
chanics and  largely  normal  autopsy  findings.  These  inves- 
tigators subsei|uently  showed  similar,  though  somewhat 
milder,  deleterious  ett'ects  ui  sheep  vcniilalcd  wiih  I'll'  ol 
30  cm  H,0.'' 

"Barotrauma"  versus  "Volutrauma" 

Building  on  an  experimental  apjiroach  pioneered  50  years 
earlier.'-'  Dreyt'uss  et  al  undertook  to  ilelermine  whether 
the  insulting  agent  in  studies  of  mechanical  ventilation 
was  in  fact  high  airway  pressure,  as  usually  described,  or 
consequent  high  vitlumes.  As  had  been  pre\  iously  described 
in  .several  studies,  healthy  rats  \entilated  with  PIP  ol  45 
cm  H.O  and  resultant  V ,  of  40  mL/kg  developed  enlarged, 
congested  lungs  with  increased  microvascular  permeabil- 
ity as  determined  by  radiolabeled  protein  leakage.  Lung 
appearance  and  vascular  permeability  were  preserved  in 
rats  ventilated  with  PIP  of  7  cm  H.O  and  V^^  of  13  mL/kg. 
Rat  lungs  ventilated  w  ith  PIP  of  45  cm  14,0  but  V ,  con- 
strained by  thoracoabdominal  banding  to  19  mL/kg  ap- 
peared normal  by  both  light  and  electron  microscopy,  and 
maintained  normal  microvascular  permeability.  Finally, 
lungs  of  rats  ventilated  to  V^  of  44  mL/kg  with  negative 
inspiratory  pressure  via  an  iron  lung  resembled  those  ot 
the  high-pressure/high-volume  group.''^  Thus  it  appeared 
that  "volutrauma"  was  a  more  apt  description  than  the 
traditionally  accepted  '"barotrauma"". "'  .Similar  results  were 
reported  in  other  species,  including  rabbits''  and  lambs.'** 

Injured  Lungs 

111  the  studies  reported  above,  high-pressure/high-vol- 
ume ventilation  was  shown  to  lead  to  a  pattern  of  diffuse 
alveolar  damage  in  normal  animal  lungs.  It  is  reasonable  lo 
argue  that  these  results  may  be  pertinent  at  least  to  the 
impact  of  mechanical  ventilation  on  relatively  spared  lung 
regions  in  human  ARDS.  Additional  studies  have  found 
that  similar  ventilatory  strategies  exacerbate  preexisting 
injury  in  chemical  models  of  ARDS.  Bowton  and  Kong 
found  higher  lung  weights  in  oleic  acid-injured  lungs  ex- 
posed to  high  V|  ( IS  mL/kg)  than  in  those  exposed  to  low 
V-r  (6  mL/kg).'"  The  lack  of  uninjured,  mechanically  ven- 
tilated controls  rendered  their  results  dilficult  to  uiterpret. 
This  was  rectified  by  Hernandez  et  al.  who  found  that  oleic 
acid  injury  decreased  the  pressure  threshold  for  ventilator- 
induced  injury  relative  to  healthy  lungs  (Pig.  3).'"  The 
results  of  Dreytuss  et  al  were  still  more  intriguing.  Using 
a-naphthylthiourea  {.'XNTU)  to  create  moderate  permeabil- 
ity edema,  they  showed  that  the  injurious  chemical  effects 


CD  Ventilation 
^  OUIc  Add 

1    0.76 

1     ^'^ 
^0.36 

ooo 

In'!  i 

Base- 
line 


1.26  T 

8    1.00  ■ 
\ 

o 

M 

a     0.75 
B 

u 

\ 

I     0.80- 


20 


o 
n 

I 

E 
U 


a. 

E 
0 

u 


1.5 


1.0 


0.5 


0.0 


Base- 
lijie 


o  No    ANTU 
•   ANTU 


0  mm  1   mm         1   min   45 

Time   elapsed  since   the   beginnmg   of   HV 

Fig.  3.  In|ured  lung  has  heightened  susceptibility  to  damage  from 
mechanical  ventilation.  Upper  graph:  Compahson  of  capillary  fil- 
tration coefficient  (K,^;  a  measure  of  endothelial  integrity)  in  iso- 
lated rabbit  lung  at  baseline  and  after  oleic  acid  (OA,  a  chemical 
irritant)  or  mechanical  ventilation  with  25  cm  1-1,0  peak  inspiratory 
pressure.  There  is  mild  trend  toward  increased  capillary  leak  with 
mechanical  ventilation;  slightly  more  with  oleic  acid  in|ury.  Middle 
graph:  Injury  from  mechanical  ventilation  is  significantly  increased 
following  oleic  acid  infusion.  Lower  graph:  In  intact  rat  lung,  com- 
pliance decreases  significantly  with  high-volume  ventilation  (HV: 
45  mLVkg  body  weight)  following  chemical  injury  with  ti-naphthyl- 
thiourea  (ANTU),  compared  with  lungs  without  prior  ANTU  expo- 
sure. *  =  p  <  0.05  for  both  studies.  (Upper  and  middle  graphs  from 
Reference  40,  with  permission.  Lower  graph  from  Reference  41, 
with  permission.) 


were  unaffected  by  low  viilumc  (7  mL/kg)  ventilation. 
ANTU-associated  and  ventilation-associated  injury  were 
additive  at  intermediate  V^  (25-33  inL/kg).  At  45  mL/kg. 
how ev  er.  lung  damage  was  synergistic,  exceeding  the  arith- 
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metic  sum  of  the  cxpcclcd  chcniical   iniiny   ami  vo- 
luliaunui.^' 

Iiinamniatory  Mediators 

In  addition  lo  the  direct  iiiechaiiieal  elTeets  of  overin- 
nation,  VILI  may  involve  a  host  of  intlammatory  media- 
tors. Woo  and  Hedley-Whyte  noted  an  accumulation  of 
leukocytes  and  alveolar  macrophages  in  the  overinflated 
lungs  of  open-chested  dogs."*-  Tsuno  et  al  observed  intlam- 
matory cell  infiltration  in  piglet  lungs  with  diffuse  alveolar 
damage  induced  bs  high-pressure  mechanical  ventilation.^' 
Kawano  et  al  demonstrated  that  saline-lavaged  lungs  of 
neutropenic  rabbits  did  not  develop  increased  permeability 
or  hyaline  membranes,  unlike  those  of  control  rabbits.-" 
Hyaline  meinbranes  were  seen  to  develop  in  ventilated 
isolated  rat  lungs  despite  exsanguination.-'''  but  these  lungs 
had  been  previously  lavaged  and  may  already  have  re- 
cruited neutrophils.  More  recently,  Tremblay  et  al  found 
that  bronchoalveolar  lavage  fluid  from  isolated  rat  lungs 
after  high-volume,  zero  PEEP  ventilation  had  high  levels 
of  tumor  necrosis  factor  a.  interleukin  Ij3.  interleukin  6, 
and  macrophage  intlammatory  protein.-"'  Ranieri  et  al  found 
a  similar  profile  in  bronchoalveolar  lavage  tluid  from  ARDS 
patients  undergoing  traditional  ventilation.  This  landmark 
study  found  a  significant  reduction  in  these  inflamniatory 
mediators  with  use  of  lung-protective  ventilation.-'^  Von 
Bethmann  et  al  detected  a  similar  profile  in  the  perfusate 
of  isolated  mouse  lungs  ventilated  at  high  volumes  with 
negative  pressure  ventilation,  suggesting  that  cytokines  in 
an  intact  animal  might  be  released  into  the  systemic  cir- 
culation.^** Like  the  demonstration  by  Nahum  et  al  that 
high  Vy.  low  PEEP  ventilation  in  dogs  promoted  translo- 
cation of  bacteria  from  the  lung  into  the  general  circula- 
tion.-*'' systemic  cytokines  provide  a  plausible  mechanism 
for  the  multiple  organ  system  failure  that  is  the  most  feared 
and  lethal  complication  of  ARDS.'" 

Low  Tidal  Volume  Injury  and  Positive  End- 
Expiratory  Pressure 

Though  a  preponderance  of  evidence  suggested  that  me- 
chanical ventilation  incited  lung  injury  through  excessive 
pressures  or  volumes,  two  observations  proved  perplexing. 
The  first  was  the  inconsistent  observation  that  PEEP  could 
ameliorate  the  deleterious  effects  of  high-pressure/high- 
volume  ventilation.  Webb  and  Tierney  demonstrated  that 
the  protective  effect  of  PEEP  added  lo  a  high-pressure/ 
high-volume  ventilation  strategy.  Rats  ventilated  with  45 
cm  HtO  end-inspiratory  pressure  developed  alveolar 
edema,  hypoxia,  and  high  lung  weight,  while  those  with 
the  same  end-inspiratory  pressure  but  10  cm  H,0  PEEP 
had  no  edema  and  better  gas  exchange.-**  A  similar  effect 
of  PEEP  was  observed  by  Corbridge  et  al  in  mechanically 


ventilated  dogs  after  induction  ot  diffuse  alveolar  tlaniage 
with  acid  aspiration.^'  Both  groups  of  investigators  rea- 
soned that  low  end-expiratory  pressures  and  consequenl 
alveolar  hypoinflation  led  to  surfactant  inactivation  and 
possible  displacement  into  airways.  Loss  of  surfactant  ac- 
tivity WDukl  then  increase  alveolar  surface  tension  and 
atelectasis,  and  perhaps  also  decrease  perimicrovascular 
pressures,  promoting  tluid  transudation.-**'*'  "•-  The  possi- 
bilities that  higher  PEEP  might  increase  Zone  I  conditions 
in  the  lung,  or  promote  lymphatic  clearance,  were  also 
entertained.  Dreyfuss  et  al  found  less  interstitial  and  no 
alveolar  edeina  in  rats  ventilated  with  high-pressure/high- 
volume  with  the  addition  of  10  cm  HjO  PEEP,  and  made 
the  important  observation  that  epithelial  and  endothelial 
ultrastruclure  were  preserved,  arguing  for  a  true  ""prtjtec- 
tive  effect"  of  PEEP.'"*  Since  PIP  was  kept  the  same,  V, 
were  smaller  in  the  PEEP  group  (25  inL/kg)  than  in  the 
group  without  PEEP  (40  mL/kg).  This  raised  the  possibil- 
ity that  it  was  the  size  of  the  ventilatory  excursion  itself 
that  was  injurious.  However,  rats  undergoing  normal  Vj 
ventilation  from  high  functional  residual  capacity  during 
negative  pressure  ventilation  had  gross  and  ultrastructural 
lung  damage  similar  to  that  of  the  high-pressure/high-vol- 
ume group,  suggesting  it  was  total  lung  distention  rather 
than  large  tidal  excursions  per  se  that  were  injurious.'*'  As 
the  authors  note,  whatever  its  source,  "any  form  of  lung 
overintlation  is  noxious."'" 

The  second  perplexing  observation  was  that  mechanical 
ventilation  of  injured  lungs  with  low  Vj  could  also  exac- 
erbate lung  injury.  In  normal  lungs,  small  airways  and 
alveolar  units  do  not  collapse  at  end  expiration,  and  rela- 
tively low  Vj  are  usually  not  injurious.  In  lungs  with 
ARDS-like  injury,  regional  collapse  occurs  at  end  expira- 
tion. During  normal  tidal  breathing,  some  areas  can  be 
observed  to  undergo  cyclic  opening  and  collapse.''  Possi- 
ble implications  of  this  for  surfactant  activity  are  discussed 
above.  Following  upon  the  work  of  Mead  et  al.--  Robert- 
son hypothesized  that  repeated  opening  and  closing  might 
also  generate  shear  stresses  that  would  exacerbate  lung 
injury.'-*  Collapsed  airways  would  have  a  threshold  open- 
ing pressure.  When  that  pressure  was  exceeded  during  a 
tidal  breath,  the  airway  would  open  progressively  from  the 
proximal  to  the  distal  portion.  The  pressure  wave  moving 
along  the  airway  would  apply  tangential  pressure  to  the 
epithelium,  creating  shear  stress.  Wall  tension  at  the  junc- 
tions between  open  and  collapsed  alveoli  might  be  sub- 
stantially higher  than  end-inspiratory  pressure.--  Low  V, 
in  injured  lungs  could  therefore  cause  progressive  injury, 
while  application  of  PEEP  sufficient  to  maintain  airway 
patency  at  end-expiration  should  be  protective.  This  was 
tested  in  a  rabbit  model  of  ARDS  by  Sandbar  et  al,  who 
found  less  injury  in  saline-lavaged  lungs  with  PEEP  suf- 
llcient  to  maintain  airway  patency  than  with  lower  levels 
of  PEEP.''*  To  circumvent  the  confounding  effects  of  dif- 
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Icrciil  |nilnunuii'\  hluiKl  I'luws  aiul  blmul  i;:isos  \ulli  clil 
t'crcnl  VLMililaliiry  siialcgies.  Miim.C(.Ii.tc  ot  al  pcrtoiinoil  a 
similar  experiment  in  iavaged.  explanled  rat  lungs."  Lungs 
ventilated  tor  2  hours  with  5-6  mL/kg  V,  and  sufficient 
PEEP  to  maintain  open  lung  units  had  injury  scores  similar 
to  control  lungs  exposed  to  a  static  inllation  pressure  of  4 
cm  H,0.  Lungs  ventilated  wuh  smiiiar  V,  hut  lower  levels 
of  PEEP  had  more  severe  damage.  Strikingly,  the  location 
of  injury  varied  with  the  PEEP  le\cl.  mo\ ing  more  prox- 
imally  as  PEEP  was  reduced.  I'hus,  two  important  prob- 
lems vexing  proponents  of  a  high-pressure/high-\i)lumc 
mechanism  of  VILI  appeared  to  have  an  important  con- 
ceptual overlap.  Low  V-^  could  be  injurious  if  they  in- 
volved pressure  s\\  ings  that  crossed  the  opening  pressures 
for  recruitablc  lung  units  in  damaged  lungs.  PEEP,  though 
potentially  increasing  the  risk  of  overdistention,  could  be 
protective  if  it  maintained  end-expiratory  pressures  abo\e 
closing  pressures  for  those  units. 

Concerns  over  both  overdistention  and  cyclic  recruit- 
ment and  derecruitment  of  alveolar  units  have  led  many 
experts  to  suggest  the  utility  of  pressure-volume  (P-V) 
curves  in  individualizing  ventilatory  parameters.  A  P-V 
curve  of  the  respiratory  system  is  generated  with  use  of  a 
large- volume  syringe  or.  more  typically,  by  using  the  ven- 
tilator to  evaluate  static  compliance  through  a  graded  se- 
ries of  inflations.  In  many  ARDS  patients  the  P-V  curve 
assumes  a  sigmoidal  shape  (Fig.  4).  The  lower  point  of 
maximum  curvature  is  usually  referred  to  as  the  lower 
intleclion  point  or  P,-,^.^.  The  upper  point  of  maximum 
cur\ature  is  usually  referred  to  as  the  upper  intleclion 
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Fig.  5.  Ventilator-induced  lung  injury  (VILI)  may  exacerbate  dam- 
age from  acute  respiratory  distress  syndrome  (ARDS).  Small  boxes 
and  light  arrows  provide  a  hypothetical  schema  for  ARDS  patho- 
physiology. Large  box  and  bold  arrows  represent  possible  con- 
tributory effects  of  mechanical  ventilation.  MW  =  molecular  weight. 
(From  Reference  12,  with  permission.) 
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Fig.  4.  Idealized  respiratory  system  pressure-volume  (PV)  curve  of 
a  normal  subject  and  of  an  ARDS  patient.  The  ARDS  curve  has  a 
lower  slope,  reflecting  decreased  compliance,  a  "lower  inflection 
point,"  reflecting  a  pressure  at  which  substantial  recruitment  may 
occur,  and  an  "upper  inflection  point,"  above  which  the  risk  of 
overdistention  may  increase.  FRC  functional  residual  capacity. 
(Adapted  from  Bigatello  LM.  Hurford  WE,  Pesenti  A.  Ventilatory 
management  of  severe  acute  respiratory  failure  for  Y2K.  Anesthe- 
siology 1999:91  (6):  1567-1 570.) 


point  (UIP).  While  there  are  various  interpretations,  the 
lower  intlcction  point  is  commonK  thought  to  be  caused 
by  the  inllation  of  large  numbers  o\'  recruitablc  lung  units 
and  the  decreased  compliance  above  UIP  to  suggest  in- 
creased risk  of  overdistention.  On  this  view.  PEEP  should 
be  set  above  the  lower  inflection  point  and  V ,  adjusted  to 
keep  plateau  pressures  below  the  UIP.  The  P-V  curve  is 
theoretically  attractive,  and  has  guided  ventilator  adjust- 
ments in  several  clinical  trials.""  "^  There  remains  intense 
debate,  however,  over  the  relative  utility  of  inflation  and 
deflation  cur\es.  the  significance  of  the  "innection"  points, 
and  the  best  application  of  the  P-V  cur\c  to  the  ailjustment 
of  \entilalor\  parameters.  Its  clinical  utilitv  remains  un- 
proved. A  more  detailed  discussion  of  the  vast  literature 
and  myriad  subtleties  of  PEEP.  P-V  curves,  and  alveolar 
recruitment  is  beyond  the  scope  of  this  article. 

Collectively,  there  is  extensive  support  for  the  idea  that 
ventilation  at  both  high  and  low  lung  volumes,  at  either 
extreme  of  the  compliance  curve  of  the  damaged  lung,  can 
worsen  pulmonary  mechanics,  gas  exchange,  and  lung  in- 
jury (Fig.  .^).  Injured  but  recruitablc  lung  demands  suffi- 
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cicnl  end-expiratory  pressure  lo  open  and  to  remain  open. 
This  statie  pressure  may  be  sul'tieieni  lo  substantially  dis- 
tend a  region  ol  uninjured  lung,  moving  it  near  to  a  com- 
pliance plateau.  Even  small  additional  volume  increments 
from  tidal  breathing  may  then  be  enough  to  cause  over- 
distention  injury. 

Contemporary  Mechanical  Ventilation  in  Acute 

Respiratory  Distress  Syndrome:  Lung  Protection  and 

Permissive  Hypercapnia 

The  practical  challenges  posed  by  the  potential  tor  me- 
chanical ventilation  to  exacerbate  lung  injury,  together  with 
the  theoretical  ditficulty  of  establishing  the  parameters  of 
a  truly  benign  ventilatory  strategy,  promoted  alternative 
gas  exchange  strategies  that  avoided  large  volume  excur- 
sions and  "put  the  lung  at  rest."'*"  One  such  approach  is  the 
use  of  high-frequency  oscillation,  a  common  ventilatory 
modality  in  management  of  hyaline  membrane  disease  of 
neonates.  Although  it  has  been  the  subject  of  close  study 
for  decades,  the  pathophysiologic,^"  morbidity,  and  mor- 
tality benefits  of  high-frequency  oscillation  have  not  been 
conclusively  demonstrated.''" '''  A  second  approach  is  the 
use  of  intravenous"-  ''^  or  extracorporeal  gas  exchange  de- 
vices^'-^^  to  partially  or  completely  assume  the  roles  of 
oxygen  and  carbon  dioxide  (CO^)  transfer.  While  these 
approaches  are  technically  feasible  and  have  proponents, 
they  are  highly  invasive,  expensive,  available  only  in  ma- 
jor referral  centers,  and  subject  to  substantial  complica- 
tions, and  their  benefits  remain  unproved  in  adults. ''-''-■<'-■''■' 
An  alternative  that  has  emerged  as  the  standard  of  con- 
temporary ventilator  management  in  ARDS  is  to  strictly 
limit  Vj.  tolerating  marked  alveolar  hypoventilation  and 
the  consequent  hypercapnia. 

Although  the  benefits  in  status  asthmaticus  had  been 
previously  defined, "-'^  Hickling  et  al  brought  the  concepts 
of  diligently  limited  PIP  and  "permissive  hypercapnia"  to 
the  clinical  forefront  of  ARDS  management.'*  They  ret- 
rospectively reviewed  records  of  50  ARDS  patients  whose 
ventilatory  support  was  constrained  to  PIP  <  30-40  cm 
H,0  by  reductions  in  Vy  and  by  "disregarding  hypercap- 
nia." Though  Vy  were  "sometimes  as  low  as  5  niL/kg." 
minimal  V^  was  more  typically  8-10  niL/kg.  Mean  and 
maximum  measured  P^co  were  62  mm  Hg  and  129  mm 
Hg,  respectively,  with  concordant  pH  of  7.23  and  7.02. 
and  substantial  base  excesses.  While  there  were  no  con- 
trols, mortality  was  much  lower  than  predicted  on  the  basis 
of  Acute  Physiology  and  Chronic  Health  Evaluation  I 
scores,  lung  injury  scores,  and  ventilator  scores. 

Although  Hickling's  report  was  provocative  and  com- 
pelling, adoption  of  pressure-limited  ventilation  and  per- 
missive hypercapnia  as  standards  of  care  depended  criti- 
cally on  the  answers  to  two  questions.  The  first  was  whether 
hypercapnia  could  indeed  be  merely  "disregarded"  in  the 


management  of  critically  ill  patients.  The  second  was 
whether  the  benefit  of  such  a  lung-protective  strategy  would 
prove  robust  in  prospective,  controlled  clinical  trials. 

Physiologic  Consequences  of  Permissive  Hypercapnia 

Since  the  theoretical  and  apparent  clinical  benetiis  ot  a 
lung-protective  strategy  incorporating  permissive  hyper- 
capnia were  first  put  forward  tor  ARDS.  considerable  at- 
tention has  focused  on  the  effects  ol  hypercapnia  and  re- 
spiratory acidosis  at  the  cellular  and  systemic  levels,  in 
animals,  anesthetized  humans,  and  patients  with  respira- 
tory failure.  Though  much  remains  to  be  learned,  the  broad 
outlines  seem  clear:  the  effects  of  hypercapnia  are  myriad, 
complex,  subtly  interwoven,  and  in  general  remarkably 
well  tolerated  by  even  the  critically  ill. 

Healthy  humans  and  most  other  terrestrial  mammals 
assiduously  defend  a  P^co,  i'^^''  "^"  "1"^  Hg.  inviting  tele- 
ological  arguments  that  to  disturb  that  value  is  to  place  the 
organism  at  peril.  Though  at  37°  C  a  blood  pH  of  7.40  may 
promote  an  intracellular  pH  ideal  for  protein  ionization," 
this  blood  pH  could  be  maintained  over  a  wide  range  of 
P^i^o,-  J'  has  been  elegantly  proposed  that  a  P.,c(j,  "f  40 
mm  Hg  strikes  an  optimum  balance  between  respiratory 
work  and  arterial  oxygenation."'*  If  Pa^o,  rises,  P^q,  falls, 
by  the  alveolar  gas  equation:  at  a  P.,co,  ^^^^  '00  ^^  Hg, 
hypoxemia  may  be  life-threatening.  Decreases  in  P,co 
below  40  mm  Hg  do  little  to  augment  P,o  .  at  substantial 
metabolic  cost  for  increased  ventilation.  The  optimization 
argument  assumes,  however,  that  F|„^  is  constrained  to 
0.2 1 .  With  supplemental  oxygenation,  a  much  higher  P^.f  q, 
can  be  tolerated  without  threatening  hypoxemia. 

A  natural  extension  of  the  above  argument  is  that  cir- 
cumstances may  prevail  in  which  the  optimum  "set  point" 
for  Paco,  '•'^  considerably  higher  (Fig.  6).  When  impaired 
respiratory  mechanics  make  the  metabolic  cost  of  main- 
taining sufficient  alveolar  ventilation  to  defend  a  Paco,  of 
40  mm  Hg  prohibitively  high,  there  may  be  a  useful  econ- 
omy in  allowing  CO^  to  accumulate  to  a  new  steady  state. 
This  is  the  presumed  adaptation  behind  the  chronic  hyper- 
capnia of  many  patients  with  severe  obstructive  lung  dis- 
ease and  the  argument  against  ventilating  such  patients  to 
eucapnia  during  exacerbations  requiring  mechanical  sup- 
port. Similar  advantages  accrue  to  the  strategy  in  ARDS. 
wherein  a  large  dead  space-to- Vj  ratio  impairs  the  effi- 
ciency of  ventilation™  and  hypermetabolism  can  lead  to 
important  increases  in  CO^  production.^'  Furthermore,  the 
concomitant  rightward  shift  of  the  oxyhemoglobin  disso- 
ciation curve  in  the  setting  of  respiratory  acidosis  (the 
Bohr  effect)  favors  oxygen  unloading  in  the  periphery, 
which  may  be  an  optimal  approach  toward  the  diflerent 
goal  of  oxygen  delivery  to  a  tissue  in  crisis. 

The  broader  functional  and  physiologic  consequences 
of  permissive  hypercapnia  have  been  well  reviewed."-  CO^ 
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Fig.  6.  Permissive  hypercapnia  decreases  ventilatory  demand.  Es- 
timated minute  ventilation  (Ve)  requirement  as  a  function  of  CO2 
production  (Vcq.)  for  3  arterial  partial  pressure  of  carbon  dioxide 
(PacoJ  levels,  assuming  dead  space  fraction  (ratio  of  dead  space 
volume  to  tidal  volume,  Vq/Vt)  of  0.7.  Compared  with  P^co,  o*  ^^ 
mm  Hg.  minute  ventilation  is  34%  lower  at  60  mm  Hg  and  50% 
lower  at  80  mm  Hg.  Vertical  line  indicates  normal  CO^  production. 
(From  Reference  69.  with  permission.) 

accumulating  in  blood  diffuses  freely  across  erythrocyte 
and  other  cellular  membranes,  and  is  converted  by  cyto- 
sotic  carbonic  anhydrase  to  carbonic  acid,  which  rapidly 
ionizes.  The  consequent  intracellular  acidosis  is  checked 
by  immediate,  partial  physicochemical  buffering:  intracel- 
lular pH  is  typically  restored  to  normal  over  1-3  hours  by 
additional  mechanisms,  including  transmembrane  H*  and 
HCOr  tlux.""  These  potent  regulatory  mechanisms  essen- 
tially preclude  hypercapnia  from  generating  severe  intra- 
cellular acidosis.  The  transient  acidosis  that  develops,  how- 
ever, can  cause  many  disturbances.^-  Glycolysis  is 
decreased,  albeit  with  a  well-preserved  cellular  energy  state. 
Abnormal  excitation-contraction  coupling  and  actin-myo- 
sin  binding  lead  to  malfunction  of  contractile  elements. 
Cell  membrane  ion  conductances  and  electrolyte  transport 
are  modulated,  altering  the  properties  of  excitable  cells. 
These  changes  are  thought  to  be  reversible  with  correction 
of  intracellular  acidosis. 

Though  the  intracellular  effects  of  a  discrete  CO.  chal- 
lenge are  rapidly  neutralized,  full  metabolic  compensation 
for  a  systemic  respiratory  acidosis  via  renal  acidification 
requires  1-5  days.^^"-*  Despite  the  potentially  ubiquitous 
effects  of  this  sustained  acidosis,  however,  substantive  ef- 
fects appear  to  be  limited  to  the  cardiovascular  and  central 
nervous  systems  (CNS).  In  general,  these  systemic  conse- 
quences comprise  a  synthesis  of  local  tissue  effects  and 
global  sympathetic  activation."^ 

Hypercapnia  has  been  known  for  almost  a  century  to 
depress  myocardial  contractility  in  isolated  hearts.'"'  This 
effect  is  completely  reversible.""  In  intact  animals,  how- 
ever, the  reduction  in  mvocardial  conlraclililv  is  more  than 


offset  bs  the  siimulator_\  effects  of  hypercapnia  on  the 
sympathetic  nervous  system  (Fig.  T)."*'''  Catecholamine 
release  increases  heart  rate  and  may  increase  stroke  vol- 
ume, leading  to  a  net  increase  in  cardiac  output'"'-'"'  (Fig. 
8).  This  is  probably  adaptixe  in  many  circumstances,  but 
may  place  unacceptable  demand  on  a  failing  or  ischemic 
heart. ^'  Furthermore,  though  COt  is  a  coronary  vasodila- 
ti>r.  its  net  effect  on  perfusion  of  ischemic  myocardium  is 
unclear.'" 

CO2  causes  peripheral  vascular  smooth  muscle  relax- 
ation."- an  effect  again  opposed  by  sympathetic  vasocon- 
striction. The  consequence  is  usually  a  mild  net  decrease 
in  s\  siemic  vascular  resistance  (SVR).'"'''  Venous  capac- 
itance is  also  reduced.'*'  Since  preload  is  augmented  and 
afterload  reduced,  cardiac  output  tends  to  be  further  en- 
hanced. The  slight  drop  in  SVR  is  well  compensated  by 
the  increase  in  cardiac  output,  leading  to  maintenance  or, 
more  often,  increase  of  mean  arterial  blood  pressure.  This 
can  be  compromised  by  pharmacologic  /3  blockade.'*""-' 

Though  systemic  \asciilar  resistance  decreases  w ith  re- 
spiratory acidosis,  pulmonary  vascular  resistance  is  main- 
tained or  increased  because  of  vasoconstrictive  effects  and 
possible  potentiation  of  hypoxic  vasoconstriction.  In  the 
face  of  increased  cardiac  output,  pulmonary  arterial  pres- 
sure rises  and  substantial  pulmonary  hypertension  can  de- 
velop. 

Given  the  manifest  vasoactivity  of  acute  hypercapnia. 
its  effects  on  local  and  regional  blood  flow  are  of  great 
importance  to  its  application  in  critically  ill  patients.  Un- 
fortunately, results  differ  between  animals,  preparations, 
and  organs,  and  in  particular  are  mixed  for  both  splanchnic 
and  renal  perfusion.^'  "-'*^  Regional  blood  flow  in  a  par- 
ticular case  cannot  be  predicted  w  ith  confidence. 

Moderate  respiratory  acidosis  can  lead  to  depressed  con- 
sciousness, increased  respiratory  drive,  and  a  lowered  sei- 
zure threshold:^-  at  high  levels,  CO,  is  anesthetic.^-*  Im- 
portantly to  patient  care,  pharmacological  modulation  of 
the  increased  respiratory  drive  usually  requires  high  levels 
of  sedation,  and  often  neuromuscular  blockade.'^''"  ''^■^*' 
with  the  attendant  possibilities  of  important  neuromu.scu- 
lar  sequelae.'*'  ""  The  respiratory  drixe  at  any  P.,r(),  can  be 
suppressed  by  correction  of  the  attendant  acidosis."'  Among 
the  many  CNS  alterations  due  to  permissive  hypercapnia. 
however,  cerebral  blood  tlow  and  intracranial  pressure 
(ICP)  effects  are  the  most  profound.  Becau.se  of  both  ce- 
rebral vasodilation  and  increased  systemic  blood  pressure,'" 
cerebral  blood  tlow  rises  dramaticalK  with  P,( ,, .  plateau- 
ing  at  levels  of  P.co.  '"  excess  of  100  mm  Hg.'-'  While 
there  is  some  debate  oxer  the  direct  role  of  molecular 
CO,,'=  it  is  generally  thought  that  extracellular  pH  is  the 
critical  variable."' "-  ICPs  rise  monotonically  xvith  How. 
and  can  be  several  times  normal.  This  degree  of  intracra- 
nial hypertension  is  generally  associated  xvith  onix  modest 
neurological  sequelae.  In  pathologic  sellings  in  which  ICP 
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Fig.  7.  Norepinephrine  secretion  in  swine  is  markedly  increased  in  acute  liypercap- 
nic  acidosis  (HA).  Aggressive  bicarbonate  buffering  (buffer)  attenuates  this  effect. 
Other  catecholamines  are  similarly  increased  (not  shown).  Dashed  line  =  upper  limit 
of  basal  plasma  norepinephrine  concentration.  Data  are  mean  ;  SEM.  (From  Ref- 
erence 79,  with  permission.) 


or  soft  ti.ssue  volume  are  already  increased,  such  as  with 
cerebral  edema,  mass  lesions,  or  head  trauma,  substantial 
respiratory  acidosis  can  lead  to  mass  effect,  compromised 
perfusion,  and  even  herniation,  and  should  usually  be 
avoided.  It  is  notable,  however,  that  while  prophylactic 
hyperventilation  has  been  recommended  in  acute  head  in- 
jury, its  prolonged  use  has  been  associated  with  a  wors- 
ened neurological  outcome  in  subsets  of  patients  with  trau- 
matic brain  injury.'" 

It  is  widely  held  that  it  is  the  associated  respiratory 
acidosis,  rather  than  hypcrcapnia  per  se.  that  engenders  the 
described  profile  of  hemodynamic  and  vascular  alterations. 
Consistent  with  this,  hemodynamic  and  CNS  effects  can 
be  markedly  attenuated  if  P_,(^.f)  elevation  is  separated  from 
the  accompanying  acidosis  by  the  administration  of 
base.'"-'*^  In  sheep  made  acutely  hypercapnic  to  a  P^jfo,  '^^ 
80  mm  Hg  and  pH  of  7.14.  cardiac  output  and  carotid 
arterial  blood  flow  increased  markedly  from  baseline,  and 
ICP  rose  300%.  When  arterial  pH  was  maintained  in  nor- 
mal range  by  concomitant  bicarbonate  administration,  car- 
diac output  and  carotid  blood  tlow  were  significantly  el- 
evated only  at  the  I -hour  time  point,  and  ICP  remained  at 
baseline.**'^  In  swine,  catecholamine  secretion,  decreases  in 
SVR.  and  increases  in  cardiac  output  and  heart  rate  were 
also  attenuated,  though  not  eliminated,  by  extracellular  pH 
buffering  with  bicarbonate  (see  Fig.  7).^''  While  the  ability 
to  blunt  the  systemic  effects  of  hypcrcapnia  is  important, 
the  delayed  and  incomplete  nature  of  the  attenuation  is 
also  of  interest.  Though  blood  pH  was  closely  regulated, 
extracellular  pH  monitoring  may  not  reflect  intracellular 


conditions.  Since  biological  membranes  are  much  more 
permeable  to  CO,  than  to  bicarbonate,  it  is  unlikely  that 
even  bolus  administration  of  bicarbonate  prevents  at  least 
transient  intracellular  acidification.  The  prevention  of  in- 
tracranial hypertension,  at  least  by  the  first  measurement  at 

1  hour,  supports  the  notion  that  cerebral  blood  volume  is 
particularly  sensitive  to  extracellular  pH. 

The  depths  of  human  tolerance  to  respiratory  acidosis 
have  been  sounded  on  occasion,  usually  by  iatrogenesis.  A 
patient  accidentally  administered  CO^  during  general  an- 
esthesia attained  a  P.,c(5,  of  248  mm  Hg  and  a  pH  of  6.86, 
but  recovered  without  complication.'"  A  patient  undergo- 
ing cosmetic  surgery,  with  adequate  oxygenation  but  in- 
adequate \entilation  for  over  4  hours,  reached  a  P^co,  of 
375  mm  Hg  and  a  pH  of  6.6:  despite  postanesthetic  coma 
there  was  an  uneventful  recovery.'*'*  Similarly  severe  re- 
spiratory acidosis  has  been  tolerated  by  children  for  up  to 

2  days.* 

Although  the  respiratory  acidosis  consequent  to  permis- 
sive hypcrcapnia  is  usually  discussed  in  terms  of  its  po- 
tcntiall\  deleterious  effects,  the  argument  has  been  ad- 
vanced that  acidosis  may  instead  be  adaptive  and 
protective.""  Augmentation  of  cardiac  output  and  mean 
arterial  pressure,  together  with  a  rightward  shitt  in  the 
oxyhemoglobin  dissociation  curve,  can  in  theory  promote 
oxygen  deli\ery  and  unloading  in  tissues,  though  the  un- 
certainty surrounding  indi\idual  organ  pertusion  is  de- 
scribed above.  Decreased  cellular  respiration^'  may  in  turn 
decrease  oxygen  consumption.  There  are  animal  data  sug- 
gesting that  hypercapnic  acidosis  (specifically)  may  di- 
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Fig.  8.  Temporal  evolution  of  cardiac  index  and  heart  rate  in  patients  undergoing 
permissive  hypercapnia.  Increased  cardiac  index  and  heart  rate  are  mediated  by 
increased  sympathetic  tone  due  to  respiratory  acidosis.  With  metabolic  compensa- 
tion of  acidosis,  cardiac  effects  are  normalized.  AUG  -  incremental  area  under  the 
curve.  NS  =  not  significant.  (From  Reference  57,  with  permission.) 


minish  ischemic  reperfusion  injury  in  heart,  brain,  and 
lung.'"'  Acidosis  also  downreguiates  a  host  of  intlamma- 
tory  processes  associated  with  tissue  injury,  decreases  ox- 
ygen free-radical  production  in  brain  homogenates,  and 
increases  nitric  oxide  production  in  the  lung."'  ""^  Though 
the  concept  that  respiratory  acidosis  is  protective  has  ex- 
panding scientific  grounding  and  has  gained  some  theo- 
retical credence  among  intensivists,  much  needs  to  be 
learned  before  the  therapeutic  possibilities  for  patient  care 
can  be  seriously  considered. 

Taken  together,  these  data  suggest  that  acute  respiratory 
acidosis  is  likely  to  be  tolerated  in  most  clinical  settings, 
even  by  critically  ill  patients.  Neither  certainly  safe  nor 
certainly  hazardous  levels  have  been  clearly  defined,  and 
commonly  cited  lower  levels  of  clinician  comfort  in  the 
pH  range  of  7.15  to  7.25  appear  largely  arbitrary.  Known 
cardiovascular  and  CNS  effects  may  be  less  well  tolerated 
by  certain  patient  subsets,  and  these  subsets  are  in  general 
the  least  well  studied.  Permissive  hypercapnia  is  thus  prob- 
ably still  best  used  circumspectly  in  patients  with  cardiac 
ischemia  and  left  ventricular  compromise,  and  with  par- 
ticular caution  in  patients  with  pulmonary  arterial  hyper- 
tension and  right  heart  failure.  Because  of  the  potent  ef- 


fects of  respiratory  acidosis  on  cerebral  perfusion  and  the 
potentially  catastrophic  consequences  of  mcreased  ICF  in 
susceptible  patients,  permissive  hypercapnia  is  contraindi- 
cated  in  patients  with  serious  head  trauma  or  certain  CNS 
pathologies.  If  clinical  circumstances  mandate  its  use,  ICP 
monitoring  is  indicated.  Concerns  regarding  respiratory 
acidosis  are  amplified  in  the  setting  of  concunent  meta- 
bolic acidosis.  As  further  data  accrue  from  clinical  appli- 
cations of  permissive  hypercapnia  (see  below),  these  guide- 
lines may  be  refined. 

Clinical  Consequences  of  Permissive  Hypercapnia 

As  permissive  hypercapnia  in  lung-protecti\e  mechan- 
ical ventilatory  strategies  has  become  more  widespread, 
especially  for  the  management  o(  .ARDS.  a  substantial 
amount  has  been  learned  about  its  implications  for  clinical 
practice.  In  general,  these  results  accord  v\ell  with  those 
from  the  studies  of  animals  and  anesthetized  humans  de- 
scribed abo\e. 

Intracranial  pathology  is  generally  considered  an  abso- 
lute contraindication  to  permissive  hypercapnia,  limiting 
clinical  data  on  its  consequences  in  that  setting  largely  to 
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case  reports.  Taskcr  and  IVicrs  described  a  young  patient 
with  meningococccniia.  meningitis,  cerebral  edema,  and 
ARDS,  and  in  whom  electroencephalography  and  jugular 
oxygen  saturation  monitoring  were  u.sed  as  an  indirect 
gauge  of  cerebral  oxygenation  and  hyperemia.''"  By  those 
measures,  clinically  important  elevations  in  ICP  occurred 
below  a  pH  of  7.32.  With  a  slow.  ci>ntrolled  increase  in 
Inpcrcapnia  and  progressive  renal  compensation,  the  au- 
thors were  able  to  reduce  PIP  from  42  em  H^O  to  .^2  cm 
HjO  and  V^  from  12  ml./kg  to  6-S  mL/kg  over  24  hours. 
The  hemodv  namic  effects  of  pernussive  hypercapnia  in 
ARI^.S  patients  without  CN.S  pathology  or  severe  meta- 
bolic acidosis  have  been  studied  in  several  series.  Thorens 
et  al  induced  hypercapnia  by  decreasing  Vy  over  30-60 
minutes  in  1  I  ARDS  patients  and  studied  its  effects  over 
2  hours.**  Mean  Paco,  of  -"^9  mm  Hg  anti  pH  of  7.26  were 
attained,  with  a  40*^  reduction  in  minute  ventilation  and  a 
small  but  significant  decrease  in  mean  PIP.  from  32.5  cm 
H-,0  to  30.6  cm  HiO.  Surprisingly,  heart  rate  remained 
unchanged:  cardiac  index  increased  by  189;  and  SVR  de- 
creased by  257c.  with  a  net  small  decrease  in  mean  arterial 
pressure  that  approached  significance.  PVR  did  not  change, 
hut  mean  pulmonary  artery  pressure  increased  significantly, 
from  29  mm  Hg  to  32  mm  Hg.  Notably,  while  left  ven- 
tricular stroke  work  was  unchanged,  right  ventricular  stroke 
work  increased  by  25Cf .  Venous  admixture  was  increased; 
increased  F,,,  was  required  to  compensate  P,o,  reductions 
in  a  subset  of  patients.  Oxygen  delivery  increased,  but 
consumption  was  unaltered.  Carvalho  el  al  compared  he- 
modynamics over  time  between  23  traditionally  managed 
ARDS  patients  and  25  ARDS  patients  managed  with  a 
lung-protective  strategy  characterized  by  V^  <  6  mL/kg 
and  PEEP  set  abov  e  the  lower  intlection  of  the  static  pres- 
sure-volume curve."  In  the  lung-protective  group,  average 
and  absolute  maximinn  P,,co,  were  70  mm  Hg  and  114 
mm  Hg,  respectively:  average  and  absolute  minimum  pH 
were  7.13  and  6.88.  Slow  bicarbonate  infusions  were  ad- 
ministered for  pH  <  7.2.  In  patients  undergoing  permis- 
sive hypercapnia.  there  were  highly  sigiuficant  immediate 
increases  in  heart  rate,  cardiac  output,  and  oxygen  deliv- 
ery, with  a  decrease  in  SVR  and  no  change  in  oxygen 
consumption  (see  Fig.  8).  Consonant  with  Thorens's  re- 
sults, PVR  was  unchanged  but  mean  jiidmonary  artery 
pressure  increased.  Statistical  analyses  suggested  that  all 
alterations  were  attributable  to  respiratory  acidosis  rather 
than  to  elevated  PEEP.  Notably,  all  acute  hemodynamic 
effects  were  progressively  attenuated  over  36  hours  de- 
spite maintained  hypercapnia,  in  concert  with  renal  com- 
pensation of  the  acidosis.  In  both  of  the  above  series,  acute 
hypercapnia  was  generally  well  tolerated,  without  impor- 
tant adverse  effects  that  could  be  attributed  to  its  hemo- 
dynamic or  other  consequences.  Both  sets  of  authors  noted, 
however,  that  their  results  reinforce  caution  in  its  use  in 
patients  with  overt  heart  failure,  severe  pulmonary  hyper- 


tension and/or  right  ventricular  dysfunction,  and  severe 
hypoxemia.'"'  **''  Although  not  specifically  designed  to  eval- 
uate the  hemodynamic  or  other  systemic  consequences  of 
respiratory  acidosis,  numerous  other  studies  have  failed  to 
show  obvious  adverse  effects  from  permissive  hypercap- 
nia in  ARDS  patients. ^'^""""'  Its  sal'ety.  however,  remains 
al  issue,  as  described  below. 

Mortality  Benefits  of  Low  Tidal  Volume  Ventilation 
and  Permissive  Hypercapnia  in  Acute  Respiratory 
Distress  Syndrome 

The  strong  theoretical  and  experimental  bases  for  lung- 
protective  ventilatory  strategies,  coupled  w  ith  encouraging 
preliminary  clinical  results,  inspired  a  number  of  efforts  to 
prove  their  merit  in  controlled  clinical  (rials.  Initial  Cana- 
dian'"" and  European'"-  muliicenicr  trials  did  not  demon- 
strate a  mortality  benefit  from  liuu(alions  on  alveolar  pres- 
sure and  V^:  the  former  suggested  possibly  increased 
morbidity.  Several  features  of  study  design  and  impleinen- 
tation  may  have  contributed  to  these  outcomes.  First,  with 
120  and  1 16  patients,  respectively,  neither  was  powered  to 
detect  small  differences  in  outcome.  Second,  differences 
in  V-p  between  intervention  and  control  groups,  though 
significant,  were  not  large,  being  7.2  mL/kg  versus  10.8 
mL/kg  ideal  body  weight  in  the  Canadian  study .  and  7. 1 
mL/kg  versus  10.3  mL/kg  dry  body  weight  in  the  Euro- 
pean study.'"-  Though  both  groups  of  authors  suggested 
that  a  mortality  difference  did  not  emerge  because  the 
control  ventilatory  strategy  was  itself  prt)tective. '""■'"-  it  is 
at  least  as  likely  that  limits  in  the  intervention  group  were 
insufficiently  rigorous.'"'  Indeed,  investigators  in  the  Eu- 
ropean study  had  prev  iously  rept)rted  on  the  extent  of  Vj 
and  ventilatory  pressure  limitations  necessary  to  keep  pla- 
teau pressures  under  the  measured  UIP  of  the  pressure- 
volume  curve  in  25  ARDS  patients  (Fig.  9).  Even  at  Vj  of 
7.1  mL/kg  (the  lower  range  attained  in  the  randomized 
trial),  approximately  20'7f  of  patients  would  have  had  pla- 
teau pressures  above  UIP.^''  supporting  the  possibililv  of 
sufficiently  common  overdistention  injury  to  dampen  any 
signal  of  the  benefit  of  low  Vj.  Even  w  hen  V^  kept  pla- 
teau pressures  below  UIP.  overdistention  may  have  oc- 
curred; the  authors  reported  a  12.7%  rate  of  pneumotho- 
rax.'^'' This  effect  might  have  been  amplified  by  important 
differences  in  the  way  PEEP  was  set  between  the  prelim- 
inary and  randomized  trials.  Finally,  and  of  particular  in- 
terest in  the  present  context,  both  sets  of  inv  estigators,  and 
others,  have  raised  the  possibility  that  mortality  benefits 
tlue  lo  reduced  V^  were  negated  by  deleterious  effects  of 
controlled  hypoventilation,  including  inadequate  alveolar 
recruitment'"-  and  particularlv  respiralorv  acidosis.""'  '"' 
In  the  European  study,  mean  P.,co,  '•'  '^''y  1  of  intervention 
was  59.5  mm  Hg  in  the  treatment  group  and  41.3  mm  Hg 
in  the  control  group.  Corresponding  values  of  pH  are  not 
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end-expiratory  pressure  was  ad|usted  to  the  lower  inflection  point.  Ppi^,  =  plateau  pressure. 
(From  Reference  56,  with  permission.) 


reported,  but  no  correction  of  acidosis  was  employed  un- 
less pH  fell  below  7.05.'"-  Smaller  mean  dit't'erences  were 
observed  in  the  Canadian  study,  but  no  attempts  were 
made  to  correct  respiratory  acidosis  unless  pH  fell  below 
7.0."*  It  is  notable  that  neuromuscular  blocking  agents 
were  required  significantly  more  frequently  in  cases  than 
in  controls  in  the  Canadian  study;  a  similar  trend  in  the 
European  Study  did  not  attain  significance. 

Amato  et  al  found  a  significant  reduction  in  28-day 
mortality  in  ARDS  patients  mechanically  ventilated  with  a 
lung-protective  strategy,  compared  with  traditionally  man- 
aged controls.^''  PEEP  levels,  ventilatory  modes,  and  Vy 
all  differed  between  the  groups,  preventing  assessment  of 
the  relative  importance  of  any  single  intervention.  Survi\al 
to  hospital  discharge  was  not  different  between  the  groups. 
Mean  P^cu,  ^"^  pH  were  significantly  different  over  the 
first  36  hours,  being  55-38  mm  Hg  and  7.19-7.25  for  the 
intervention  group  and  33-35  mm  Hg  and  7.37-7.40  for 
the  control  group,  respectively.  The  difference  in  Pgco, 
was  sustained,  but  the  difference  in  pH  disappeared  at  later 
time  points.  Slow  bicarbonate  infusions  were  begun  for 
pH  <  7.2.  Significantly  more  .sedative  and  paralytic  agents 
were  required  for  the  intervention  group. ^^  The  study  has 
been  criticized,  parlicularh  for  the  unusually  high  71'/( 
mortality  of  the  control  group. 

Doubts  over  the  ability  of  protective  ventilatory  strate- 
gies to  reduce  ARDS  mortality  were  laid  to  rest  with  the 
recent  publication  of  the  ARDS  Network  trial.  Lower  mor- 
tality (39.8%  vs  31%)  was  seen  in  patients  supported  with 
mean  Vj  of  6.2  mL/kg  than  in  those  supported  with  mean 


Wj-  of  1 1.8  mL/kg  ideal  body  weight.""  It  is  notable  that 
mean  plateau  pressures,  thought  to  best  reflect  alveolar 
distending  pressures,  were  25  cm  H.O  and  33  cm  H^O  in 
the  inter\ention  and  control  groups,  respectively,  remark- 
ably similar  to  those  of  25.7  cm  H,0  and  31.7  cm  H;0  in 
the  European  trial"'-  and  to  mean  PlPs  of  23.6  cm  H^O 
and  34  cm  H,0  in  the  Canadian  trial.'""  The  ARDS  Net- 
work protocol  specified  a  pH  goal  of  7.3  to  7.45  for  both 
traditional  and  low  V-,  groups.  This  was  achieved  in  the 
latter  by  significantly  higher  respiratory  rates,  supple- 
mented by  bicarbonate  infusions  as  required.  There  w  as  no 
significant  difference  between  groups  in  the  amount  of 
neuromuscular  blocking  agent  required."" 

Though  proof  of  a  mortality  benefit  to  a  low  V-^  venti- 
latory strategy  in  .\RDS  represents  a  major  advance,  the 
critical  variable  in  that  benefit  remains  the  subject  of  some 
debate.  It  is  quite  plausible  that  it  is  the  intended  interven- 
tion, low  V|.  itself  Given  the  high  respirator)  rates  of 
patients  in  the  intervention  group  and  the  possibility  of 
intrinsic  PEEP,  it  is  possible  that  the  benefit  was  at  least 
partly  a  derivative  PEEP  effect.  The  importance  of  PEEP 
in  ARDS  management  is  the  focus  of  a  new  National 
Institutes  of  Health  .ARDS  Network  trial."" 

Respiratory  Management  in  .\cute  Respiratory 

Distress  Syndrome:  A  Role  for  Tracheal  (Jas 

Insulllation'.' 

The  extraordinaiN  research  efforts  into  the  nature  and 
mechanisms  ol  VILl,  the  pathophssiology  of  ARDS.  and 
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the  physiology  ot"  hypercapnic  acidosis  ha\  c  led  to  moiv 
sophisticated,  and  now  more  elTectivc.  patient  manage- 
ment. .Abundant  room  for  impro\ement  remains.  A  brief 
synopsis  of  the  foregoing  review  iiiiihliiihls  a  subset  of  liie 
important  open  t|uestions: 

1.  It  has  been  shown  beyond  reasonable  doubt  that  o\er- 
distention  and  e\elie  inflation  and  deflation  of  injured  lung 
can  cause  further  lung  injiny.  Although  this  appears  to 
take  longer  in  larger  animals  than  in  smaller  animals,  there 
are  no  compelling  tiata  to  suggest  a  safe  inlerxal  for  a 
nonprotecti\e  ventilatory  strategy  in  humans.  Incieasing 
data  suggest  that  VILI-associated  generation  of  inflamma- 
tory mediators  ma>  contribute  to  a  systemic  inflammatory 
response  syndrome  and  multiple  organ  system  failure,  the 
leading  cause  of  death  in  ARDS. 

2.  Low  Vj  ventilatory  strategies  confer  a  proven  mor- 
tality benefit  in  ARDS.  probably  by  reducing  VlLl.  The 
precise  mechanism  conferring  that  benefit  remains  some- 
what uncertain. 

3.  Consequences  of  permissive  hypercapnia  have  been 
studied  from  the  cellular  le\el  to  the  systemic  physiology 
of  ARDS  patients.  Effects  of  the  attendant  respiratory  ac- 
idosis are  very  widespread  and  certainly  not  fully  delin- 
eated. The  intriguing  and  important  possibility  that  this 
acidosis  may  be  adaptive  or  protective  in  some  settings  is 
gathering  support  but  remains  largely  conjectural.  The  gross 
systemic  effects  of  hypercapnic  acidosis,  vasodilation,  and 
isolated  myocardial  depression  compensated  by  catechol- 
amine-induced  partial  va.soconstriction  and  a  hyperdynamic 
state  appear  to  be  generally  well  tolerated  by  animals. 
anesthetized  humans,  and  critically  ill  patients.  However, 
certain  patient  subsets,  particularly  those  with  ischemic 
heart  disease,  left  ventricular  compromise,  pulmonary  hy- 
pertension, right  heart  failure,  head  trauma,  intracranial 
disease,  or  coexistent  metabolic  acidosis,  may  be  at  higher 
risk.  Fuithermore.  controlled  trials  in  which  a  mortality 
benefit  of  lung-protective  ventilation  was  apparent  used  an 
increased  respiratory  rate'"'  and/or  bicarbonate  infu- 
^JQf,.s8.ioi  to  control  acidosis.  Finally,  acidosis  is  associated 
with  dyspnea  and  increased  respiratory  drive  and  is  the 
likely  culprit  in  the  increased  use  of  sedatives  and  para- 
lytics reported  in  many  clinical  trials  of  permissive  hyper- 
capnia. Limiting  acidosis  may  enhance  patient  comfort 
and  reduce  the  manifold  important  complications  associ- 
ated w  ith  administration  of  those  pharmacologic  agents. 

The  first  and  second  elements  of  this  synopsis  suggest 
that  a  lung-protective  strategy  must  always  be  considered 
a  priority  (though  not  necessarily  the  defining  priority)  in 
the  management  of  the  ARDS  patient.  They  support  the 
position  of  Carvalho  et  al  that  "except  for  situations  of 
previous  heart  and/or  neurological  disease  ...  the  installa- 
tion of  [permissive  hypercapnia]  in  a  progressive  and  grad- 
ual manner  is  not  justifiable  and  may  consist  in  a  risky 
waste  of  time". ^"  The  third  element,  however,  supports  the 


piisition  of  most  experts  that  permissive  h\pereapnia  Is 
important  but  shtiuld  be  introduced  gradually,  anti  may 
need  to  be  avoided  altogether  in  susceptible  popula- 
tions.^'^-'"' ""  Hov\  can  these  well-reasoned  but  dispar- 
ate conclusions  be  reconciled'.' 

An  ob\  ious  approach  is  the  immediate  implementalion 
ot  a  lung-protective,  low  V,  \entilatory  strategy  in  a  pa- 
tient with  ARDS,  but  with  close  control  of  acidosis  pend- 
ing renal  compensation.  This  can  be  accomplished,  broadly, 
in  two  ways,  not  niuiually  exclusive:  by  allov\ing  P.,^-,)^  to 
rise  rapidly,  but  neutralizing  the  acidosis,  or  by  controlling 
the  rise  of  CO,.  The  first  of  these  can  be  achieved  with 
supplemental  buffering.  Bicarbonate  is  inexpensive  and 
widely  available,  and  has  been  shown  to  attain  the  desired 
effect  in  some  animal  models. ^'"^^  In  addition  to  unproved 
clinical  benefits,  however,  concerns  over  bicarbonate 
abound:  because  of  urinary  excretion  it  is  inefficient:^'  it 
may  be  ineffective:'"**  it  represents  a  substantial  sodium 
load:  it  generates  CO,  that  will  need  to  be  cleared  pre- 
cisely in  a  setting  in  which  ventilation  is  at  issue:'"'*'""  and 
if  rapidly  administered  it  has  been  found,  at  least  in  the 
setting  of  metabolic  acidosis,  to  cause  "paradoxical"  in- 
tracellular acidosis.""  Carbicarb  is  an  effective  alternative 
that  does  not  generate  COJ'  and  avoids  the  transient  in- 
tracellular acidosis  of  rapidly  administered  bicarbonate," ' 
but  is  relatively  unproved  clinically.  Tris-hydroxymethyl 
aminomethane  has  a  greater  buffering  capacity  than  bicar- 
bonate, does  not  elevate'"'  and  may  reduce'"'*  CO,,  and 
generates  bicarbonate.  It  has  recently  been  recommended 
for  use  in  acute  lung  injury.'"**  though  there  have  been 
longstanding  concerns  about  possibly  deleterious  arterial 
vasodilatory  effects,"-  and  its  renal  excretion  limits  its 
usefulness  in  patients  with  renal  insufficiencv. 

Setting  aside  invasive  and  technically  intensive  inter- 
ventions such  as  extracorporeal  CO,  removal,  control  of 
the  rate  of  CO,  rise  can  be  achieved  by  decreasing  its 
production  or  increasing  the  efficiency  of  its  elimination. 
There  are  close  boundaries  to  what  can  be  done  to  limit 
production:  control  of  fever,  avoidance  of  overfeeding, 
and  neuromuscular  paralysis  are  among  the  approaches 
commonly  employed.  A  very  promising  means  of  improv- 
ing ventilatory  efficiency  involves  flushing  the  anatomic 
dead  space  through  the  technique  of  TGI.'"-'  '"^  Control  of 
acidosis  by  augmentation  of  CO,  clearance  affords  numer- 
ous potential  adv  antages  over  other  approaches.  It  can  be 
initiated  contemporaneously  with  adoption  of  a  lung-pro- 
tective ventilatory  strategy,  and  its  effects  should  be  "in- 
stantaneous." Because  it  checks  hypercapnia  itself,  it  should 
preclude  even  transient  intracellular  acidosis,  unlike  the 
cuiTcntly  favored  approach  of  bicarbonate  administration. 
It  may  improve  alveolar  oxygenation.  It  does  not  represent 
an  intravascular  volume  load.  It  is  arguable  that  TGI  should 
not  be  used  to  eliminaie  CO,  accumulation  but  to  conirol 
its  rate  to  allow  for  renal  compensation;  maintenance  of 
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steady  stale  at  a  higher  P,,t,,  will  alwass  iei|unv  less 
alveolar  ventilation.  It  is  iniportani  to  remember  in  this 
eonnection  that  TGI  alTords  not  only  a  reduction  in  P,,k,, 
tor  a  given  level  of  ventilation,  but  also  a  reduction  in 
ventilation  for  any  level  of  P,,t,,,.  The  very  low  V,  re- 
quired to  keep  some  patients  on  the  linear  portion  of  the 
pressure-\olume  eur\e  and  the  tact  thai  even  such  rigorous 
parameters  ma)  not  eliminate  o\erdisienlion  injur\  in  some 
patients^"  highlight  this  potential  utility  of  TGI.  Though 
there  are  a  great  many  subtleties  to  its  administration  and 
elTect.  and  valid  concerns  over  potential  complications. 
TGI  appears  in  general  to  be  well  tolerated."^  "•"* 

Beyond  .\cute  Respiratory  Distress  Syndrome 

The  preceding  discussion  has  emphasized  the  hazards  of 
VILI.  the  importance  and  demonstrated  efficacy  of  lung- 
protective  ventilatory  strategies,  and  the  issues  surround- 
ing atiendani  respiratory  acidosis,  w  ilh  particular  reference 
to  ARDS.  While  there  are  special  practical,  scientific,  and 
historical  relationships  between  ARDS  and  these  manage- 
ment concerns,  the  evolving  lessons,  including  the  poten- 
tial benefits  of  TGI,  are  certain  to  have  broader  applica- 
bility, and  to  obtain  to  a  variety  of  disease  states.  Status 
asthmaticus  is  an  obvious  example,  and  indeed  represented 
one  of  the  first  effective  applications  of  volume-limited 
ventilation  and  permissive  hypercapnia."'  The  approach 
seems  naturally  extensible  to  other  causes  of  respiratory 
failure,  particularly  those  characterized  by  inhomogeneity 
and  increased  susceptibility  to  VILI.  As  the  essential  com- 
ponents, benefits,  and  risks  of  protective  strategies  become 
better  delineated,  they  may  inform  management  in  chrt)nic 
obstructive  pulmonary  disease,  necrotizing  pneumonia,  and 
lung  transplantation. 

Tracheal  gas  insufflation  has  been  suggested  for  entirely 
different  clinical  applications.  Its  potential  to  facilitate  ven- 
tilator liberation  by  increasing  the  efficiency  of  CO.  clear- 
ance and  decreasing  work  of  breathing  has  been  frequently 
mentioned.  Though  there  may  be  merit  to  such  an  ap- 
proach in  specific  cases,  its  routine  use  should  be  viewed 
circumspectly.  Though  TGI  might,  for  instance,  accelerate 
extubation  or  decannulation  of  a  chronic  obstructive  pul- 
monary disease  patient  recovering  from  hypercapnic  re- 
spiratory failure,  its  augmentation  of  efficiency  ends  at 
that  moment.  Such  an  approach  seems  akin  to  the  mistake 
of  ventilating  the  chronic  CO,  retainer  to  eucapnia.  Unless 
there  is  a  transition  to  another  TGI  technique,  such  as  gas 
administration  through  a  SCOOP  catheter  (Transtracheal 
Systems,  Englewood,  Colorado),  independent  ventilation 
might  be  expected  to  be  short-lived.  The  v  alid  enthusiasm 
over  the  use  of  TGI  in  some  clinical  settings  should  not 
degenerate  into  a  case  of  a  technt)logy  in  search  of  an 
application. 


Siininiary 

\  ILl  has  become  recognized  as  an  important  factor  ex- 
acerbating primary  lung  injury  in  acute  respiratory  failure. 
Lung-protective  ventilatory  strategies  are  of  proven  mor- 
taliiy  benefit  in  .ARDS,  presumably  through  reduction  of 
\  11.1.  The  aiiendant  hypercapnia  and  respiratory  acidosis 
are  thought  to  he  generally  well  tolerated,  but  are  contra- 
indicated  in  certain  patient  populations:  the  more  sobering 
possibility  that  they  are  in  fact  harmful  in  as  yet  indeterminate 
ways  has  recently  regained  attention.  TGI  may  provide  a 
means  by  which  to  deploy  protective  ventilatory  strategies 
while  limiting  hypercapnia  and  acidosis,  with  numerous  ad- 
vantages over  bicarbonate  and  other  therapies. 
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Tracheal  gas  insufflation  (TGI)  is  the  continuous  or  phasic  insuffiation  of  fresh  gas  into  the  central 
airways  for  the  purpose  of  improving  the  efficiency  of  alveolar  ventilation  and/or  minimizing  the 
\entilatory  pressure  requirements.  Fresh  gas  is  insufflated  near  the  main  carina,  usually  at  How 
rates  of  2-15  L/min.  During  expiration.  TCJI  clears  the  anatomic  and  apparatus  dead  space  prox- 
imal to  the  catheter  tip,  thus  improving  carbon  dioxide  (CO,)  clearance.  Moreover,  at  high  catheter 
flow  rates  turbulence  generated  at  the  tip  of  the  catheter  may  enhance  distal  gas  mixing.  CO,  elimina- 
tion during  TC;i  depends  on  catheter  flow  rate,  as  at  higher  flow  rates  a  greater  portion  of  the  proximal 
dead  space  is  flushed  clear  of  CO,.  Consequently,  as  TCJI  flow  is  increased,  arterial  carbon  dioxide 
tension  (P,,(),)  decreases.  E\entually.  with  increasing  catheter  flow  rate,  fresh  gas  completely  flushes  the 
available  dead  space  during  expiration  and  the  P,,t  „,  reaches  a  plateau.  At  that  point,  increasing 
catheter  flow  rate  decreases  P^(  „,  "luch  less,  probably  because  of  turbulent  mixing  in  the  airways  distal 
to  the  catheter  tip.  In  clinical  practice,  TGI  can  be  applied  either  to  decrease  P.j ,,,  "hile  maintaining 
tidal  volume  constant  or  to  decrease  tidal  volume  while  keeping  P.,, ,,,  constant.  In  the  former  strategy. 
r(;i  is  used  to  protect  pH,  whereas  in  the  latter  it  is  used  to  minimize  the  stretch  forces  acting  on  the 
lung  parenchyma,  to  minimize  ventilator-associated  lung  injury. 

Key  uonl.s:  irculwal  i;u.s  msitfjlatioit.  amimd  iiuhIcI.  Iiiiiii  moiU'l.  Iiiiiii  lucvluiims.  mechunical  ventilation. 
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InlrodiK'lion 

Tracheal  gas  iiiMiltkiiion  (TCil )  is  ihc  coniiiuuHis  or  pha- 
sic insufnation  of"  fresh  gas  inio  Ihc  cciitral  airways  for  the 
purpose  of  inipro\ing  the  efficiency  of  alveolar  ventilation 
and/or  miniiiii/insi  the  ventilatory  pressure  requirements. 
Recently,  TGI  has  received  increasing  attention  as  an  ad- 
junctive tool  to  mechanical  ventilation.  Experimental  stud- 
ies both  in  lung  models  and  animal  models  have  been 
essential  in  understanding  TGI's  mechanisms  of  action 
and  operational  characteristics.  Moreover,  experimental 
studies,  especiallv  in  animal  models  of  lung  injury,  have 
substantiated  the  potential  role  of  TGI  in  clinical  practice. 

Mechanisms  of  Action 

The  efficacy  of  conventional  tidal  breaths  during  TGI  is 
improved  primarily  by  two  mechanisms.'  '  First,  fresh  gas 
introduced  by  the  catheter  during  expiration  can  dilute  the 
carbon  dioxide  (CO,)  stored  in  the  series  (anatomic)  dead 
space  compartment  proximal  to  the  catheter  tip  (Fig.  1). 
Second,  at  high  catheter  flow  rates,  turbulence  generated 
at  the  tip  of  the  catheter  can  enhance  gas  mixing  in  regions 
distant  to  the  catheter  tip,  thereby  contributing  to  CO, 
removal.  TGI  is  unlikely  to  be  very  effective  when  the 
alveolar  (as  opposed  to  the  series  compartment)  dominates 
the  total  physiologic  dead  space  (the  ratio  of  the  dead 
space  to  the  tidal  volume,  Vq/Vj);  yet  at  small  Vj  (when- 
ever series  dead  space  contributes  substantially  to  V[yVj) 
or  when  alveolar  ventilation  is  very  low,  TGI  should  be 
helpful.  Many  investigators  have  found  that  combining 
TGI  with  conventional  mechanical  ventilation  (CMV )  tech- 
niques and  high-frequency  jet  ventilation  augments  CO, 
elimination.-*''"  This  approach  takes  advantage  of  improved 
ventilatory  efficiency  due  to  anatomic  dead  space  washout 
as  well  as  enhanced  mixing  due  to  catheter  turbulence 
generated  to  permit  reduced  Vj."  Another  promising  mo- 
dality is  combining  TGI  with  external  chest  vibrations. 
This  novel  ventilation  technique  enhances  intra-airway 
mixing  (peak  CO,  transport  resistance  was  displaced  from 
second-generation  to  fourth-generation  airways),  thus  im- 
proving COt  elimination.'-  In  normal  dogs,  TGI  decreased 
arterial  carbon  dioxide  tension  (Paco,)  from  a  baseline 
value  of  48  ±  2  mm  Hg  to  41  ±2  mm  Hg,  and  addition 
of  high-frequency  (29  Hz)  chest  vibrations  further  de- 
creased Paco,  ^o  33  ±  1  mm  Hg.'- 

Operational  Characteristics 

Modes  ol'  Operation 

During  TGI,  delivery  of  fresh  gas  occurs  either  through- 
out the  respiratory  cycle  (continuous  flow)  or  only  during 
a  specific  segment  of  it  (phasic  How)."'''  Continuous  cath- 


NoTGI 


TGI 


End-Expi  ration 


End-Inspiration 


Fig.  1 .  Primary  mechanism  of  action  of  tracheal  gas  insufflation 
(TGI).  At  end-expiration,  in  the  absence  of  TGI  (upper  left),  central 
airways  are  laden  with  carbon  dioxide  (CO,)  (dots).  This  exhaled 
CO,  is  then  recycled  back  into  the  alveoli  during  the  next  inspira- 
tion (lower  left),  thus  limiting  CO,  elimination.  With  TGI,  COj  is 
flushed  out  of  the  central  airways  during  expiration,  so  less  CO2  is 
recycled  back  to  the  alveoli,  effectively  decreasing  anatomic  dead 
space  and  increasing  CO2  elimination.  (From  Reference  4.  with 
permission.) 


eter  flow  has  also  been  used  in  combination  w  ith  a  shutter 
or  a  mechanical  ventilator,  in  which  closure  of  an  expira- 
tory valve  forces  catheter  flow  to  deliver  all  or  part  of  the 
inspired  Vy.'^^  '^  Phasic  TGI  is  delivered  selectively  dur- 
ing inspiration  or  expiration.  Inspiratory  TGI  can  be  used 
as  the  only  source  of  fresh  gas.  thereby  bypassing  the 
portion  of  the  anatomic  dead  space  proximal  to  the  cath- 
eter tip,  or  it  can  be  used  in  combination  with  a  conven- 
tional ventilator  to  augment  alveolar  ventilation.'^  During 
expiratory  TGI,  catheter  flow  is  timed  to  occur  during  all 
or  part  of  expiration,  augmenting  alveolar  ventilation  by 
Hushing  CO,  from  the  central  airv\ays  and  apparatus  dead 
space. 

Carbon  dioxide  elimination  during  TGI  depends  on  cath- 
eter now  because  fresh  gas  flushes  a  greater  portion  of  the 
proximal  dead  space  at  higher  flow  rates  (Fig.  2).  The 
volume  of  fresh  gas  introduced  into  the  trachea  during  TGI 
depends  on  expiratory  time  (T^)  and  catheter  flow  (V^).  At 
a  certain  Tg  X  V^.,  fresh  gas  completely  sweeps  the  prox- 
imal anatomic  dead  space  during  expiration.  At  that  point, 
increasing  V^.  further  probably  does  not  further  dilute  the 
CO,  residing  in  the  series  dead  space.  This  operational 
characteristic  of  TGI,  and  the  fact  that  the  Paco.  decrease 
caused  by  reduction  in  V^/Vy  is  much  less  at  lower  V^/ 
V , ,  limits  the  decrement  in  Paco,  afforded  by  TGI  at  high 
V^.."'  Nevertheless,  at  high  V^.,  Pjco,  continues  to  decrease 
with  increasing  V^,  but  at  a  slower  rate  (see  Fig.  2)."'  Once 
the  series  dead  space  is  flushed  completely  by  the  fresh 
gas  during  expiration,  the  flow-dependence  of  ?.,( o  is 
thought  to  be  secondary  to  enhanced  turbulent  mixing  in 
the  airways  distal  to  the  catheter  tip.'   ' 
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Fig.  2.  Effect  of  tracfieal  gas  insufflation  (TGI)  on  arterial  carbon 
dioxide  tension  (PacoJ  '"  normal  dogs.  As  catheter  flow  rate  OJ^^h) 
increases.  P^co,  decreases.  The  effect  of  TGI  on  P^co,  diminishes 
at  higher  flow  rates  because  most  of  the  anatomic  dead  space 
proximal  to  the  catheter  tip  is  flushed  free  of  carbon  dioxide  (CO^). 
The  additional  Paco,  decrement  observed  with  the  straight  cath- 
eter (as  compared  to  the  inverted  catheter)  is  thought  to  be  due  to 
distal  turbulence  with  enhanced  mixing,  torr  ^  mm  Hg.  (From 
Reference  3,  with  permission.) 


Because  the  major  mechani.siii  ul  TGI  is  nushini;  the 
proximal  anatomic  dead  space  free  of"  COj,  if  lung  defla- 
tion takes  place  throughout  expiration  secondary  to  dy- 
namic hyperinflation,  the  CO^  that  is  constantly  exhaled 
by  the  lung  can  decrease  the  efficacy  of  TGI.  This  possi- 
bility was  tested  in  normal  dogs,  and  the  data  suggest  that 
the  volume  of  fresh  gas  insufflated  by  the  catheter,  rather 
than  the  flow,  determines  the  efficacy  of  TGI.'-*"  Conse- 
quently, to  maintain  CO^  elimination  efficacy  during  in- 
verse ratio  \entilation.  progressively  higher  flow  rates  may 
need  to  be  applied  as  T^  is  shortened. 


stream  is  transferred  to  the  alveoH.''  Second,  placement  of 
the  catheter  within  the  trachea  decreases  its  cross-sectional 
area,  increases  expiratory  resistance,  and  delays  emptying. 
Third,  catheter  flow  through  the  endotracheal  lube,  expi- 
ratory circuit,  and  expiratory  valve  during  expiration  can 
build  a  back  pressure  that  impedes  expiratory  flow  from 
the  lung.  The  first  and  third  mechanisms  are  very  similar 
to  what  happens  during  constant  flow  ventilation.  Bramp- 
ton and  Voung'  showed  that  most  of  the  alveolar  pressure 
generated  during  constant  flow  ventilation  in  dogs  was  due 
to  the  latter  mechanism.  At  flow  rates  of  8-60  L/min  they 
estimated  that  only  1 .3  cm  H  ,0  of  pressure  was  generated  at 
the  alveolar  level  secondary  to  momenmm  transfer.  Conse- 
quently, the  study  suggests  that  most  of  the  dynamic  hyper- 
inflation produced  by  TGI  is  secondary  to  decreased  surface 
area  of  the  trachea  and  outflow  resistance  to  gas  flow. 

The  rise  in  FRC  during  TGI  is  controlled  by  adjusting 
the  ventilator-set  positive  end-expiratory  pressure  (PEEP) 
level.  In  order  to  maintain  FRC  constant  between  TGI  and 
no  TGI  conditions,  ventilator-set  PEEP  is  decreased  dur- 
ing TGI  such  that  total  PEEP  (le.  ventilator-set  PEEP  plus 
intrinsic  PEEP  |auto-PEEPl)  remains  constant.'- '»-2o  Alter- 
natively, the  effect  of  TGI  on  lung  volume  can  be  con- 
trolled to  a  certain  extent  by  using  reversed'-'--  or  re- 
verse-thrust catheters.'-^  Reversing  the  flow  so  that  the  jet 
leaving  the  catheter  tip  discharges  mouthvvard  creates  a 
Venturi  effect  that  decreases  dynamic  hyperinflation  caused 
by  TGI  (Fig.  3).  However,  in  certain  situations  this  effect 
can  be  large  enough  to  actually  decrease  FRC  during  TGI. 
In  that  case,  ventilator-set  PEEP  may  need  to  be  increased 
to  counterbalance  the  effect  of  the  reverse-thrust  jet  if 
decreased  FRC  is  undesirable. 


Catheter  Location 

A  greater  portion  of  the  anatomic  dead  space  proximal 
to  the  catheter  tip  during  exhalation  can  be  flushed  by  the 
fresh  gas  with  more  distal  catheter  placement.'"*  Moving 
the  catheter  toward  the  carina  also  advances  the  turbulence 
zone  generated  by  the  catheter  closer  to  the  periphery  dur- 
ing both  phases  of  the  respiratory  cycle,  thereby  improving 
the  efficacy  of  TGI.  In  normal  dogs  the  exact  location  of 
the  catheter  tip  (within  a  few  centimeters  of  the  carina)  did 
not  prove  to  be  crucial  to  the  efficacy  of  the  TGI  in  aug- 
menting alveolar  ventilation.'  This  observation  may  sim- 
plify the  clinical  application  of  TGI.  because  broncho- 
scopically  or  radiographically  guided  catheter  positioning 
in  critically  ill  patients  may  not  be  necessary. 

Effect  of  Tracheal  Gas  Insurtlatlon  on  Lung  Vohime 

End-expiratory  lung  volume  (functional  residual  capac- 
ity or  FRC)  is  increased  during  TGI  because  of  three  fac- 
tors.'■'  First,  part  of  the  momentum  of  the  discharging  jet 


Catheter  Design 

Currently  there  is  not  a  standard  method  of  introducing 
the  insufflation  catheter  into  the  trachea.  In  most  studies  a 
small-caliber  catheter  was  introduced  through  an  angled 
side-arm  adapter  attached  to  the  endotracheal  tube  (ETT) 
and  positioned  just  above  the  main  carina."  Catheter  place- 
ment was  usually  perfomied  with  bronchoscopic  guidance 
or  estimated  from  a  recent  chest  radiograph.  This  type  of 
system  is  simple  to  construct  and  can  be  duplicated  in 
most  laboratories,  but  suffers  from  some  drawbacks  in  the 
clinical  setting.  New  ETT  designs  that  incorporate  chan- 
nels within  the  endotracheal  tube  wall  may  solve  many  of 
the  problems  and  simplify  application  of  TGF'--'  and  can 
be  used  to  perform  TGI  in  patients.  Future  clinical  appli- 
cations of  TGI  will  probabh  use  a  modified  ETT  that 
incorporates  the  catheter  in  its  wall,  attached  to  a  stan- 
dardized circuit  for  gas  delivery.  The  design  and  applica- 
tion of  various  TGI  circuits  are  discussed  in  detail  else- 
where in  this  issue  of  Respir.vtory  Care.-^ 
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Fig.  3.  Tracheal  gas  insufflation  increases  end-expiratory  lung  volume  (ie,  functional  residual  capacity  or  FRC)  in  a  flow-dependent  manner 
in  normal  dogs.  The  nse  in  FRC  (AFRC)  is  less  with  increasing  catheter  flow  rate  (V^a,h)  with  a  straight  catheter  than  with  an  inverted  catheter. 
The  tips  of  both  catheters  were  placed  at  the  same  location,  approximately  2  cm  above  the  main  carina  (*  significantly  different  from  5L7min 
[p  <  0.05]:  #  significantly  different  from  10  LVmin  [p  <  0.05]).  (From  Reference  3,  with  permission.) 


Monitoring  during  Tracheal  Gas  Insufflation 

Airway  Opening  Pressure  and  Lung  Mechanics 

Under  baseline  conditions,  mean  airway  opening  pres- 
sure (Pao)  and  mean  alveolar  pressure  (Pj,)  are  related  by 
the  following  e.xpression: 


P„„  =  P. 


|Vp/60X(R, 


R, 


where  R^  and  R,  are  the  expiratory  and  inspiratory  resis- 
tances, respectively,  and  V,  is  the  minute  ventilation.-*' 
Consequently,  during  mechanical  \entilation,  monitoring 
P,„  gives  useful  inlormalion  regarding  P\.  During  TGI. 
however,  the  jet  stream  increases  flow  through  the  venti- 
lator circuit  during  expiration  and  creates  a  region  of  bi- 
directional (low  within  the  airways.  Both  effects  change 
the  resistance  characteristics  of  the  respiratory  system  and 
modify  the  relationship  between  P„,  and  P,^  observed  at 
baseline  (ie,  when  V^  =  0  L/min).  Since  Ry,  increases 
during  TGI.  P„,  tends  to  underestimate  P^  (and  end-expi- 
ratory lung  volume)  when  the  system  is  switched  from 
baseline  to  TGI  conditions.  In  an  experimental  study,  mon- 
itoring tracheal  pressure  2  cm  beyond  the  tip  of  the  cath- 
eter seemed  to  accurately  gauge  lung  \olume  changes  at 
end-expiration,  suggesting  that  tracheal  pressures  should 


be  monitored  beyond  the  jet  stream  during  TGI.'  During 
pan-expiratory  TGI,  catheter  tlow  ceases  during  inspira- 
tion, and  inspiratory  P^^,  provides  useful  information  re- 
garding P^,  as  during  CMV.  In  contrast,  during  continuous 
TGI,  inspiratory  P^^^,  (measured  at  the  tip  of  the  endotra- 
cheal tube)  differs  from  the  tracheal  pressure  (Ptracir  mea- 
sured distal  to  catheter  orifice).  The  magnitude  of  P,„  - 
P,ry;.h  during  inspiration  depends  on  the  inspiratory  tlow 
through  the  circuit  and  circuit  geometry  spanning  the  two 
pressure  measurement  points,  but  is  usualK  less  than  3  cm 
H,0.  As  the  \cntilaior-.set  Vj  is  decreased  w  ith  increasing 
V^..  the  difference  between  P^o  and  P,rach  approaches  zero. 
However,  during  expiration  under  both  continuous  and 
expiratory  TGI  conditions,  catheter  tlow  pressurizes  the 
respiratory  system  and.  as  a  result,  P^„  underestimates  P,rach- 
The  magnitude  of  P„,  -  P,r.,^|,  during  expiration  increases 
with  V^  and  prohabl\  depends  on  the  geometry  of  the 
system  and  the  oncntatiiin  of  the  catheter  w  ith  respect  to 
the  trachea. 

TGI  may  also  intertcre  with  the  clinician's  abilitx  to 
measure  lung  mechanics.  Respiratory  system  compliance 
and  auto-PEEP  measurements  require  application  of  a  pause 
at  end-inspiration  and/or  at  end-e\pnation.  If  catheter  llou 
continues  during  these  measurements,  the  pressure  within 
the  respiratory  system  builds  up  o\er  time.  Consequently. 
a  plateau  pressure  cannot  be  obtained  and.  if  unnoticed. 
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alveolar  pressure  can  increase  to  ha/anloiis  levels.  Diirini; 
pan-expiratory  TGI.  tiependini;  on  the  timing  and  nature  of 
the  siiinal  that  yales  the  solenoid  to  divert  catheter  How  to 
the  ainiDsphere.  these  measurements  can  still  be  made  safe- 
ly.'^-- Nevertheless,  it  is  advisable  to  test  the  TGI-venti- 
lator  system  with  a  mechanical  lung  model  under  con- 
trolled conditions  prior  to  measuring  lung  mechanics  at  the 
bedside. 

lidal  \  olunie 

Whenever  catheter  flow  is  delivered  during  inspiration, 
it  contributes  to  total  inspired  V ,.  The  contribution  to  total 
inspired  V^^  is  eliminated  if  TGI  is  timed  to  occur  only 
during  expiration."  Even  then  decompression  of  the  TGI 
circuit  into  the  ventilator  circuit  during  the  inspiratory  phase 
of  solenoid  closure  contributes  to  total  inspired  V^ .-"  -^  In 
most  TGI  circuits,  however,  this  volume  is  rather  small 
( 10-20  niL  at  V^.  of  10  L/min).  These  probleins  are  avoided 
if  an  independent  measure  of  V^,  such  as  inductive  pleth- 
ysmography, is  used.  The  effect  of  TGI  on  total  inspired 
V,  depends  on  the  ventilator  operation  mode. 
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Flow-Controlled  \  olume-CycUd  \  tntilation 

During  continuous  TGI.  total  inspired  Vj  is  composed 
of  two  components:  that  delivered  by  the  ventilator  (Vj,) 
and  that  delivered  by  the  catheter  (V^^.).  That  is.  Vj  = 
V^^  +  Vj^..  The  contribution  of  continuous  TGI  to  total 
inspired  Vy  can  be  estimated  from  the  duration  of  inspi- 
ration (inspiratory  time  or  T,)  and  V^..  because  V^^  =  T,  X 
V^^^.  Consequently,  during  flow -controlled  volume-cycled 
ventilation,  total  inspired  V,  can  be  maintained  relatively 
constant  during  continuous  TGI  by  decreasing  the  venti- 
lator-set V,  by  an  amount  equal  to  V,j..-" 

Pressure-Control  Ventilation 

During  pressure-control  ventilation  (PCV).  application 
of  TGI  does  not  change  the  total  inspired  Vy.  provided 
TGI  does  not  pressurize  the  respiratory  system  beyond  the 
set-pressure  (P^^.,.  defined  here  as  the  end-inspiratory  pres- 
sure during  PCV).  As  V^.  is  increased,  the  ventilator-de- 
livered V^^  declines,  but  the  total  inspired  Vy  remains  the 
same.**  -"  The  respiratory  system  behaves  in  this  manner  as 
long  as  Vy^.  is  less  than  the  V,  generated  by  P.,^.,  under 
PCV  conditions  without  TGI.  If  V,^.  exceeds  the  V^^  gen- 
erated by  PCV  in  the  absence  of  TGI.  then  TGI  will  over- 
pressuri/.e  the  circuit  and  peak  P.,„  will  be  greater  than  that 
produced  by  the  ventilator-set  pressure.  Most  ventilators 
allow  pressures  higher  than  P.,^.,,  as  long  as  P,„  remains 
below  the  high  pressure  limit  of  the  ventilator.  Conse- 
quently, excessive  pressures  can  be  produced  within  the 
respiratory  system  if  the  product  V^  X  T,  is  too  large."---'' 


TiBM>  (acvoods) 

Fig.  4.  Flow  (top  graph)  and  pressure  (bottom  graph)  tracings  from 
a  sheep  with  lung  lavage-induced  lung  injury,  demonstrating  the 
release  of  tracheal  gas  insufflation  (TGI)  flow  during  inspiration. 
During  inspiration,  both  airway  opening  pressure  (solid  line)  and 
tracheal  pressure  (dotted  line)  reach  a  plateau.  However,  during 
the  latter  part  of  inspiration  (TExmsp)-  ari  expiratory  valve  allows  TGI 
flow  to  discharge  to  the  atmosphere  (note  that  flow  becomes  neg- 
ative during  T^xmsp)-  Lung  deflation  starts  at  the  end  of  inspiration 
(T|)  when  flow  through  the  circuit  becomes  equal  to  TGI  flow  (Vtqi)- 
PEEP  =  positive  end-expiratory  pressure.  (From  Reference  22, 
with  permission.) 


When  this  happens,  the  P.,.,  time  profile  becomes  a  h}  brid 
of  PCV  and  constant-fiow  volume-cycled  ventilation,  re- 
sembling that  generated  during  vcilume-assured  pressure 
support  ventilation.  This  problem  can  be  circumvented  by 
Hitroducing  a  pressure-release  valve  into  the  ventilator  cir- 
cuit that  dumps  circuit  pressure  above  a  set  threshold.-' 
New  generation  ventilators  with  active  valves  that  allow 
expiratory  How  during  inspiration  when  P^o  exceeds  P^^., 
eliminate  this  problem  by  discharging  TGI  tlovv  to  the 
atmosphere  when  P,,,,  >  P^g,  (Fig.  4).-- 

Monitorin};  Carbon  Dioxide  Elimination  Efficacy  of 
Tracheal  (ias  Insulllation 

■fCil  modifies  the  profile  of  the  expired-gas  capnogram 
because  fresh  gas  delivered  by  the  catheter  dilutes  the  CO; 
exhaled  from  the  lungs.  The  capnogram  measures  exhaled 
CO,  at  the  tip  of  the  ETT  and  therefore  monitors  the 
exhaled  CO,  with  a  time  (and  volume)  lag  relative  to  the 
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catheter  tip.  Nevertheless,  the  exhalod-gas  capnogram  ean 
be  used  qualitatively  to  gauge  the  eoinpleieness  of  expi- 
ratory washout.  Clearly,  it  end-tidal  carbon  dioxide  ten- 
sion (Petco.)  declines  to  very  low  \  alues  ( <  3  mm  Hg), 
expiratorv  washout  is  probably  eomplele,  and  I'urlher  in- 
crements in  V^  may  nol  impact  l\,co,  greatly.  However,  it 
more  COj-laden  gas  is  removed  from  the  periphery  of  the 
lung  by  the  distal  effects  of  TGI  as  V^  is  increased.  P|.|C(i, 
may  remain  elevated.  ('onsec|uenlly,  the  relationship  be- 
tween the  efficacy  of  TGI  and  the  capnographically  mea- 
sureii  CO,  profile  is  quite  complex.  Nevertheless,  certain 
observations  can  be  made  based  t)n  capnography. 

The  fraction  of  unperfused  alveoli  can  be  estimated  in 
terms  of  P.,(  j,  and  average  Pijco.  ^^-  (P.ico.  -  Phtco,'^ 
Paco,-'"  'This  ratio  can  be  readily  measured  at  the  bedside 
by  capnography  and  arterial  blood  gas  analysis.  Since 
increasing  the  fraction  of  unperfused  alveoli  decreases 
the  efficacy  of  TGI  (as  measured  by  percentage  change  in 
V[5  and  Paco,  relative  to  baseline  conditions),  the  ratio 
(Paco,  ~  Petco, )^.iCo,  'T'^y  provide  useful  clinical  infor- 
mation. Indeed,  in  both  animal'"  and  human'  studies  this 
ratio  was  closely  correlated  (r  =  0.70)  with  percentage 
reduction  in  P^,co,  from  baseline  during  TGI.  The  exact 
role  of  capnography  in  monitoring  the  efficacy  of  TGI 
remains  to  be  established,  but  available  data  suggest  that  it 
may  be  used  to  optimize  V^  and  ventilator  settings. 

Tracheal  Gas  Insufflation  and  Ventilator  Interactions 

Since  TGI  introduces  an  external  flow  source  indepen- 
dent of  the  ventilator,  it  can  adversely  affect  the  ventila- 
tor's ability  to  monitor  pressures  and  volumes  and  may 
cause  the  ventilator  to  alarm  incessantly.  The  presence  of 
catheter  flow  during  expiration  disables  the  monitoring 
role  of  the  expiratory  pneumotachograph  of  the  ventilator, 
causing  some  ventilators  to  alarm  when  the  difference  be- 
tween the  measured  inspired  volume  and  the  exhaled  vol- 
ume exceeds  a  certain  value.  More  importantly,  the  pres- 
ence of  an  external  flow  that  can  pressurize  the  ventilator 
circuit  interferes  with  the  ventilator's  ability  to  detect  a 
leak.  Incompatibilities  between  the  ventilator  and  TGI  can 
usually  be  eliminated  in  external  TGI  systems  during  ex- 
piratory TGI  if  flow  and  P,,„  are  monitored  at  the  tip  of  the 
ETT.  Alternatively,  internalizing  the  TGI  circuit  into  the 
ventilator  allows  the  v  entilator  to  account  for  the  TGI  flow 
and  can  simplify  ventilalor-TGl  interactions. 

Clinical  Implications 

Carbon  Dioxide  Elimination 

The  effect  of  a  given  TGI-induced  change  in  V,,  and 
PaCO,  depends  on  the  !',,(-„,  and  Vj/V ,  values  prior  to  the 


initiation  of  TGI.  and  on  the  effect  of  TGI  on  COj  pro- 
duction.** For  a  given  fractional  change  in  V,,.  the  percent- 
age change  in  P.,((,,  increases  dramatically  as  V|/Vj  ex- 
ceeds 0.70.''  This  implies  that  the  effect  ol'TGI  on  P.,(o,  is 
amplified  as  the  respiratory  system  is  allowed  to  operate  at 
higher  Vi/V,  (ie.  permissive  hypercapnia).  Consequently. 
TGI  becomes  more  effective  in  decreasing  ?,,<()  in  the 
setting  of  hypercapnia.'' 

In  the  selling  of  acute  limg  injury,  part  of  the  dead  space 
resides  in  the  alveoli  as  alveolar  dead  space.  The  alveolar 
gas  originating  from  those  ventilated  but  hypoperfused 
lung  regions  is  COi-poor.  Consequently,  gas  expired  from 
alveolar  dead  space  dilutes  COj-laden  gas  residing  in  the 
proximal  anatomic  dead  space.  Consequently,  the  impact 
of  washing  proximal  dead  space  free  of  CO,  on  alveolar 
ventilation  diminishes. '^  Adopting  a  permissive  hypercap- 
nia strategy  increases  the  amount  of  CO-,  that  can  be  re- 
moved from  the  proximal  anatomic  dead  space  and  coun- 
terbalances the  decreased  CO2  removal  efficacy  of  TGI 
caused  by  increased  alveolar  dead  space  (Fig.  5).  In  most 
studies,  when  the  initial  P„ca,  (without  TGI)  was  main- 
tained at  60-80  mm  Hg,  TGI  at  6-10  L/min  was  able  to 
decrease  P^eo,  by  15-30%." 

As  an  adjunct  to  a  pressure-targeted  lung-protective  ven- 
tilatory strategy.  TGI  can  be  used  to  pursue  one  of  two 
goals.  It  can  be  used  to  limit  the  extent  of  hypercapnia 
and/or  to  control  the  rate  of  rise  of  P^,(o,  while  maintaining 
Vj  and  minute  ventilation  constant.  Alternatively,  it  can 
be  used  to  limit  ventilatory  distending  forces  (ie.  allowing 
a  reduction  in  V-j-)  while  maintaining  P,,c-o,  constant.  Us- 
ing TGI  in  a  canine  oleic  acid-induced  pulmonary  edema 
model,  adequate  alveolar  ventilation  was  maintained  at 
much  smaller  V-p  and  pressures  than  required  vv  ithout  TGI.-" 
Compared  to  CMV.  the  valved  TGI  catheter  (which  func- 
tioned as  the  ventilator  in  this  setting)  achieved  the  same 
ventilatory  task  at  35'7r  of  the  Wj  and  107c  of  elastic  end- 
inspiratory  pressure.  Using  a  similar  strategy.  Kolobovv  et 
al  demonstrated  that  they  could  adequatelv  ventdale  sheep 
that  had  undergone  resection  of  887r  of  their  lung  tissue, 
without  resorting  to  excessive  Vp  or  airway  pressures.-"' 


Oxygenation 

In  normal  dogs.  TGI  tended  to  reduce  venous  admixture 
(Qv/Qi)  ii'id  increase  arterial  oxygen  tension.'"-'^  In  this 
experimental  setting,  most  of  the  increase  in  arterial  oxy- 
gen tension  could  be  explained  by  the  decrement  in  P,,co. 
caused  by  TGI.  In  6  oleic  acid-injured  dogs.  TGI  did  not 
improve  arterial  oxygen  tension  or  Qv/Qt  when  Vp  and 
FRC  were  kept  constant."'  Current  data  suggest  that  TGI 
does  not  impact  oxygenation,  provided  total  inspired  Vj 
and  FRC  are  not  augmented  during  application  of  TGI. 
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Fig.  5.  Effect  of  tracheal  gas  insufflation  (TGI)  on  arterial  carbon  dioxide  tension  (P.,coj  before  and  after  oleic  acid-induced  lung  injury  (OAI) 
In  dogs  during  conventional  mechanical  ventilation  (CMV)  and  TGI.  Tidal  volume  (Vt)  during  pre-OAl  and  the  first  post-OAl  stages  was  kept 
constant,  at  0.24  L.  On  the  other  hand.  V,  during  the  second  post-OAl  stage  was  increased  to  0.34  L  to  match  post-OAl  P^^^o;  'o  <he  values 
obtained  during  pre-OAl  under  CMV  conditions.  The  efficacy  of  TGI,  as  judged  by  the  difference  in  P^co,  between  CMV  and  TGI  conditions, 
was  preserved  during  OAI  when  P^co:,  was  allowed  to  nse.  Efficacy  of  TGI  deteriorated,  however,  once  P3C0:,  was  decreased  when  V^  was 
increased.  (Adapted  from  Reference  16.) 


W  (irk  of  Breathing 

The  niiiuiic  \ciUihilion  sparing  effect  of  TGI  may  also 
be  used  to  reduce  work  of  breathing  in  some  intubated 
patients.  However.  TGI  may  impair  the  abihty  of  some 
patients  to  trigger  the  ventilator,  because  the  patient's  in- 
spiratory effort  must  first  outstrip  catheter  flow  and  over- 
come the  dvnamie  hsperinllalion  caused  by  TGI  in  order 
to  lower  airway  opening  pressure  below  the  trigger  thresh- 
old.'=  The  net  effect  of  TGI  on  work  of  breathing  wcuild 
depend  on  the  interactions  between  TGI  and  the  ventikitoi 
and  on  the  efficiency  of  TGI  in  decreasing  dead  space  and 
V,.  requirements.  Ob\iously.  incorporating  TGI  into  a 
flow-by  s)stem  would  preser\e  the  combined  benefits  of 
How-triggering  and  improved  gas  exchange  associated  with 
TGI.  Patients  v\ho  ha\e  neuromuscular  weakness  but  rel- 
atively normal  lung  parench\ma  and  retain  CO^  because 
they  can  only  generate  small  V,  (ie,  pro.ximal  anatomic 
dead  space  contributes  substantialh  to  Vd/V,  )  are  excel- 
lent candidates  for  TGI.  Reverse-thrust  TGI  (ie.  with  cath- 
eter How  directed  toward  the  mouth)  may  also  maintain 
the  patency  of  the  ETT  by  clearing  tracheal  secretions 
from  the  BTT  lumen." 

Potential  Complications 

Although  a  promising  adjunct  lo  C"MV.  fCil  is  not  with- 
out potential  complications.^"  When  high  Hows  are  deliv- 


ered into  the  airways,  potentially  any  obstruction  to  out- 
flow of  gas  could  cause  lung  overintlation  w ithin  seconds 
and  thus  cause  pneumothorax,  pulmonary  venous  air  em- 
bolism, and/or  hemodviiamic  compromise.  Esophageal 
pressure  and/or  chest  wall  monitoring  may  be  required  to 
monitor  changes  in  lung  volume.  A  second  concern  is 
bronchial  mucosal  damage  by  impact  of  the  jet  stream 
onto  the  bronchial  mucosa,  as  well  as  the  possible  physical 
impact  ol  the  ealheler  lip  from  oscillation  resulting  from 
high  How.  The  force  created  bv  the  jet  stream  impacting 
on  the  surface  can  be  quite  high  and  accounts  for  the 
bronchial  mucosal  dainage  observed  in  experiments  dur- 
ing consianl-tlow  ventilation."  *^  Proper  humidification  of 
the  inspired  gas  is  essential  at  such  high  flow  rates.  Long- 
term  use  of  TGI  may  result  in  inspissation  or  retention  of 
secretions,  especiallv  if  the  insiiinaled  gas  is  not  adequately 
humidified. 

Sunmiiiry  and  Future  Directions 

Experimental  work  over  the  last  decade,  both  with  in 
vitro  and  in  vivi)  systems,  has  iremendouslv  increased  our 
imderstaiuling  of  the  usefulness  and  limitations  of  TGI  as 
an  adjunct  to  mechanical  ventilation.  Clearly,  the  pub- 
lished clinical  experience  in  mechamcallv  ventilated  pa- 
tients is  very  limiled  but  expanding  lapkllv ,  Iknvever.  none 
of  the  clinical  studies  to  date  have  explored  the  role  of  TGI 
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in  a  lung-protective  ventilatory  strategy.  The  logical  ap- 
plication of  TGI  in  an  acute  respiratory  distress  syndrome 
patient  is  to  luiut  P,,c,,,.  Vy,  or  both.  We  are  now  in  a 
position  to  safely  apply  TGI  at  the  bedside  to  further  im- 
prove ventilatory  management  of  critically  ill  patients. 
However,  routine  bedside  application  ol  TGI  awaits  care- 
fully performed  clinical  studies  to  (.letermine  its  efficacy 
and  safety  profile. 

Further  experimental  v\ork  is  needed  to  enhance  the 
operational  characteristics  of  TGI  and  to  develop  its  full 
potential  in  the  clinical  .setting.  Certain  applications  of  TGI 
are  yet  to  be  developed,  such  as  drug  delivery  systems 
based  on  TGI  and  TGI  as  a  weaning  tool.  Innovations  in 
combined  ventilatory  modalities,  such  as  TGI  with  partial 
liquid  ventilation.'^  and  utility  of  TGI  in  disease  processes 
other  than  lung  injury,  such  as  bronchoconstriction,'-*  will 
also  require  further  testing  and  development  in  experimen- 
tal models. 
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Tracheal  (las  Insufflation  during  Mechanical  Ventilation:  Clinical  Studies 

Weaning 

Monitoring  during  Tracheal  Gas  Insufflation 

Potential  Complications 

Summary 


Tracheal  gas  insufflation  (TCI)  is  an  adjunct  to  mechanical  ventilation  that  allows  \entilation  with 
small  tidal  \olumes  while  carbon  dioxide  (CO,)  is  satisfactorily  cleared.  Pioneering  studies  in 
healthy  animals  and  in  humans  suffering  respiratory  failure  showed  that  the  expiratory  flushing  of 
proximal  dead  space  decreased  minute  ventilation  with  no  change  in  arterial  partial  pressure  of 
carbon  dioxide  (Pi,(<>,>-  Recent  work  indicates  that  conventional  mechanical  ventilation  aided  by 
TGI  may  represent  a  novel  ventilatory  strategy  that  succeeds  in  limiting  both  the  distending  forces 
acting  on  the  lungs  and  the  P^^  (>,  elevation  of  permissive  hypercapnia.  Furthermore,  some  studies 
suggest  that  weaning  aided  by  TGI  may  allow  a  reduction  in  minute  ventilation,  P^ito,,  physiologic 
dead  space,  and  the  patient's  respiratory  demands.  Clinical  use  of  TGI  requires  careful  monitoring 
of  delivered  volumes  and  pressures  to  ensure  safe  clinical  application  and  to  evaluate  the  effect  on 
lung  function.  Finally,  routine  use  of  TGI  in  intensive  care  warrants  further  investigation  to  solve 
some  technical  problems  and  randomized  clinical  trials  to  confirm  the  beneficial  effects  in  the 
absence  of  complications. 

Key  words:  tracheal  gas  insufflation,  clinical  sruilie.s.  mechanical  ventilaiion,  venlilalor  weaning.    |  Respir 
Care  2001 :46(2):158-I66| 


Introduction 

Extensive  animal  research  suggests  that  lung  injury  and 
innammatory  response  may  be  caused  and  perpe(uated  it 
mechanical  ventilation  results  in  alveolar  overdistciition 
and  allows  cyclic  collapse  and  ivinllation  of  alveolar  units 
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with  tidal  hieathing.  Based  on  that  work,  lung-protective 
mechanical  ventilatory  strategies  have  been  proposed  for  acute 
ivspiratoiy  distress  syndrome  ( ARDS). '  -  These  strategies  t)'p- 
ically  invciKc  the  use  ot  stnall  tidal  volume  iV, )  to  avoid 
high  alveolar  pressures  at  end-inspiration  and  the  resulting 
alveolar  overdistention,  and  the  use  of  high  positive  end- 
cxpiratory  pressure  (PEEP)  levels  to  keep  alveoli  open  at 
end-expiration,  thus  maintaining  alveolar  recruitment.  Such 
ventilatory  strategies  may  involve  a  decrease  in  alveohir  ven- 
tilation and  a  significant  increase  in  mlerial  p;irtial  pressure  of 
carbon  dioxide  (P,,co,)'  ^  strategy  that  has  been  called  per- 
missive hypercapnia,  Recenil\.  .^  clinical  trials  showed  that 
treatnient  v\  ith  a  ventilation  approach  designed  to  protect  the 
lutigs  from  excessive  stretch  resulted  in  improvements  in  sev- 
eral important  clinical  outcotnes  in  patients  with  acute  lung 
injury  and  in  ARUS  patients.'  ^  Unlortunatel).  carbon  diox- 
ide (CO,)  retention  must  soinelimes  occur  over  brief  inter- 
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\als.  which  L'iuls  Id  unacccptably  severe  ivspiiaiory  acidosis 
aiul  is  eoiilramdn.'aieii  in  some  palienls 

AllhiHii;h  pcrinissi\e  hypeivapnia  is  geiieialls  well  lol- 
eraieii.  it  ina\  iioi  he  acceptable  in  some  patients  in  whuni 
hiiii:  iniurx  and  brain  injury  coexist.  Based  on  recent  data.' 
II  would  he  ad\antageous  to  use  a  lung-protective  strategy 
withiuu  respiratory  acidosis.  Tracheal  gas  uisLdtlation 
I  roil  IS  an  adjunct  to  mechanical  ventilation  that  allows 
\entilation  with  small  V,  while  CO,  is  satisfactorily 
cleared.''  Pioneering  studies  w  ith  healthy  experimental  an- 
imals" and  w  iih  humans  sutl'cring  respiratory  failure^  found 
ihai  the  e\piratiir\  Ikishuig  of  proximal  ilead  space  de- 
creased minute  \enlilaiion  with  no  change  in  P.,c(),.  Re- 
cent work  indicates  that  comentional  mechanical  ventila- 
tion aided  by  TGI  ma>  represent  a  no\el  \entilatory  strategy 
that  succeeds  in  limiting  both  the  distending  forces  acting 
on  the  lung  and  the  P^co,  elevation  of  permissive  hyper- 
capnia."  '- 

Physiologic  Effects  of  Tracheal  Gas  Insufflation 

Tracheal  gas  insufflation  applied  together  with  conven- 
tional mechanical  ventilation  effectively  reduces  the  size 
of  the  dead  space  compartment  and  improves  overall  CO; 
elimination  bv  flushing  with  fresh  gas  the  anatomic  dead 
space  normalK  laden  with  CO;  during  expiration.  As  a 
consequence,  less  CO^  is  recycled  to  the  alveoli  during  the 
next  inspiration  and  the  ventilatory  efficiency  of  each  tidal 
respiration  is  improved.  Therefore.  TGI  reduces  anatomic 
dead  space  and  increases  alveolar  ventilation  for  a  given 
frequency  and  V^  combination.^"  '"' 

The  main  effect  of  TGI  is  to  flush  the  dead  space  from 
the  carina  to  the  Y-piece  of  the  ventilator  circuit.  TGI  also 
has  a  distal  effect  that  contributes  to  CO^  removal.  How- 
ever, although  the  distal  effect  enhances  CO,  reinoval.  the 
presence  of  the  catheter  and  the  jet  effect  oppose  expira- 
tory tlovv.  favoring  intrinsic  positive  end-expiratory  pres- 
.sure  (auto-PEEP).^  !■» '« 

Efficiency  of  Carbon  Dioxide  Removal 

Experimental  studies  with  healthy  animals  have  shown 
ihat  TGI  allows  reduction  of  P.^o,  during  hypoventila- 
tion.^'''  -'  This  effect  occurred  similarly  when  the  hy- 
poventilation was  caused  either  by  a  decrease  in  minute 
ventilation  or  an  increase  in  respiratory  rate  at  constant 
minute  ventilation.  Application  of  TGI  allowed  a  decrease 
in  Vy  and  a  25^/f  reduction  in  airway  pressures.  In  an 
experimental  model  of  ARDS.  Nahum  et  al--  found  that 
increasing  CO,  elimination  with  10  L/miii  of  TGI  allowed 
reduction  of  P^,;.,,  from  .^5  mm  Hg  to  45  mm  Hg  while  V, 
was  kept  constant.  However,  the  efficacy  of  TGI  on  P^co, 
diminishes  when  an  increased  alveolar  component  domi- 
nates the  total  physiologic  dead  space.  Nahum  et  al- '  found 


that  allowing  I',,  ,,  to  rise  to  supranormal  levels  (a  per- 
missive hypercapnia  strategy)  counteracted  the  detrimen- 
tal etfect  of  increased  alveolar  dead  space  on  the  COi 
removal  efficacy  of  TGI. 

CO,  elimination  efficiency  is  also  determined  by  the 
position  ol  the  Iracheal  catheter.  Hush  volume,  and  timing 
of  the  tracheal  gas  flow  (continuous  or  expiratory).  Nahum 
et  al-"  found  that  CO,  elimination  efficiency  was  greater 
when  the  distal  lip  of  the  TGI  catheter  was  positioned  I  cm 
above  the  carina  than  when  the  catheter  was  placed  more 
proximally. 

The  volume  of  gas  injected  per  breath  during  expiration 
determines  TGI  efficiency.  In  a  series  of  experiments, 
Ravenscraft  et  al''  found  that,  with  or  without  lung  defla- 
tion, the  volume  of  gas  Hushed  during  the  expiratory  pe- 
riod determined  the  effectiveness  of  TGI,  provided  that 
inspired  minute  ventilation  remained  unchanged  and  end- 
expiration  was  included  in  the  catheter  flush  period.  In- 
creasing catheter  How  in  clinical  situations  where  only  a 
brief  expiratory  time  is  available  may  maintain  TGI  effi- 
ciency. In  fact.  Nakos  et  al-^  observed  an  inverse  correla- 
tion between  respiratory  rate  and  P^co  •  ^^li'*-'!  indicates 
that  longer  expiratory  times  lor  lower  breathing  frequen- 
cies) favor  TGI  efficiency  (defined  as  reductions  in  P^co. 
and  the  ratio  of  dead  space  to  tidal  vcilume  |V,-/Vy]). 
Moreover,  for  ihe  same  catheter  injection  flow  and  dura- 
tion, the  efficiency  of  TGI  is  much  higher  when  catheter 
fiushing  is  performed  late  in  expiration.'-*  That  investiga- 
tion indicated  that  TGI  efficiency  is  improved  by  includ- 
ing the  end-expiratory  segment  of  the  cycle.  If  TGI  is 
applied  only  early  during  expiration,  the  injected  fresh  gas 
is  swept  out  with  the  discharging  alveolar  gas.  TGI  during 
late  expiration  flushes  CO,  from  the  anatomical  dead  space 
that  would  normally  remain  to  be  rebreathed  on  the  next 
inspiration  (Fig.  1 ). 

Tracheal  Gas  Insufflation  in  Patients 
with  Find-Stage  Pulmonary  Disease 

Continuous  insufflation  of  fresh  gas  (oxygen/air)  through 
an  intratracheal  catheter  has  been  used  in  patients  with  end- 
stage  pulmonary  disease  to  provide  continuous  oxygen  ther- 
apy and  to  decrease  oxygen  fiow  requirements.-^  -**  In  pa- 
tients w  ith  end-stage  lung  di.sease.  TGI  provides  a  method  for 
oxygen  deliverv'  and  confers  the  additional  benefits  of  de- 
creasing dyspnea  and  increasing  exercise  tolerance.-^  The 
physiologic  basis  for  these  changes  appears  to  relate  to  alter- 
ations in  breathing  pattern  and  gas  exchange  efficiency. 

In  tracheostomi/ed.  spontaneoush  breathing  patients.  Ber- 
gofsky  and  Hurewitz-'*  studied  the  physiologic  effects  of  air- 
wa\  insufflation  in  patients  with  chronic  CO,  retention.  A 
continuous  flow  of  4-5  L7min  delivered  to  the  tracheostomy 
tube  produced  a  reduction  in  dead  space.  V,.  and  minute 
ventilation  without  affecting  P,(o  '"  the  acute  state;  in  the 
chronic  state  it  maintained  or  reduced  Paco,-  presumably  be- 
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Fig.  1 .  Flow,  airway  pressure  (Pao),  and  exhaled  capnograms  (CO,) 
in  a  mechanically  ventilated  patient  with  acute  lung  injury.  Tracheal 
gas  insufflation  (TGI)  applied  early  in  expiration  cannot  completely 
flush  CO2  from  the  anatomical  dead  space.  CO2  efficiency  is  im- 
proved when  TGI  is  applied  including  the  end-expiratory  segment 
of  the  cycle. 
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Fig.  2.  Transtracheal  delivery  of  oxygen  or  air  reduced  the  pres- 
sure-time index  of  the  diaphragm  in  5  patients  with  end-stage 
pulmonary  disease.  (From  Reference  27,  with  permission.) 


cause  of  reduced  dead  space.  Those  autliors  also  found  le- 
duced  oxygen  consumption  and  CO^  production  with  airway 
insufflation  in  patients  who  had  the  mo.st  severe  form  of 
ciironic  obstructive  puhiionary  disease.  The  decrease  in  met- 
abohc  rate  without  a  change  in  P^co.  suggested  a  reduction  in 
the  work  of  breathing  (WOB)  during  TGI  in  spontaneously 
breathing  patients,  interestingly.  Hurewitz  et  al-"  found  that 
the  appHcation  of  airway  insufflation  in  patients  with  ad- 
vanced obstructive  and  restrictive  lung  disease  produced  ei- 
ther a  reduction  in  minute  ventilation  with  minimal  changes 
of  alveolar  ventilation,  or  no  variations  in  minute  ventilation 
associated  with  an  increa.se  in  alveolar  ventilation.  These  dif- 
ferent responses  to  dead  space  reduction  suggest  that  breath- 
ing pattern  is  CO^-driven  in  a  subgroup  of  chronic  patients, 
whereas  other  patients  exhibit  a  breathing  pattern  modulated 
by  factors  such  as  lung  parenchymal  receptors,  diaphiagmatic 
tension,  and/or  hyperinflation. 3''-" 

In  addition  to  the  effects  on  gas  exchange,  minute  ven- 
tilation, and  dead  space.  TGI  resulted  in  decreased  oxygen 
cost  of  breathing  in  spontaneously  breathing  patients.  Ben- 
ditt  et  al-^  found  that  transtracheally  administered  gas  re- 
duced the  oxygen  cost  of  breathing  (estimated  by  the  pleu- 
ral pressure  time  index)  and  changed  the  respiratory  pattern 
of  the  diaphragm  (diaphragm  tension  time  index)  to  a  less 
demanding  pattern  (Fig.  2).  These  findings  helped  to  ex- 
plain the  improvements  in  exercise  tolerance  and  decreased 
dyspnea  and  supported  the  use  of  transtracheal  gas  therapy 
for  indications  other  than  oxygenation. 

Tracheal  (Jas  Iiisutnation  duriii!,;  Mechanical 
Nentilation:  Clinical  .Studies 

A  number  of  studies  have  been  published  on  the  effect 
of  TGI  in  patients  receiving  mechanical  ventilation.  The 


majority  of  the  studies  have  been  performed  in  ARDS 
patients  and  focused  to  demonstrate  a  reduction  in  V^  and 
consequently  on  airway  pressure  while  P;,co,  was  main- 
tained constant  or  reduced  during  permissive  hypercap- 
nia.''-'-'-  Despite  the  fact  that  TGI  in  patients  receiving 
mechanical  ventilation  was  first  tested  in  1969.**  level  I 
studies  are  still  lacking. 

In  1969.  Stresemann  et  al**  tested  the  efficacy  of  con- 
tinuous and  expiratory  TGI  in  two  patients  with  inspira- 
tory positive  pressure  breathing  and  observed  reduced  P^co, 
at  18  L/min  of  insufflated  tracheal  flow.  This  was  the  first 
e\  idence  that  washout  of  anatomical  dead  space  was  use- 
ful in  acute  respiratory  failure.  In  patients  with  a  variety  of 
lung  disorders,  Ravenscraft  et  al"  studied  the  effect  of 
continuous  flows  (2.  4.  or  6  L/min)  deli\ered  through  a 
catheter  positioned  1  cm  or  1 0  cm  abo\  e  the  carina.  0\  er 
the  range  of  flows  tested,  CO^  production  and  peak  and  mean 
ail-way  pressures  did  not  change,  and  P,to,  exhibited  a  15*^ 
reduction  with  the  best  combination  of  insufllated  flow  (6 
L/min)  and  distance  ( 1  cm  from  the  carina)  (Fig.  ?).  A  similar 
studs  perfonned  by  Saura  et  al"  also  found  that  a  continuous 
inspiratory  flow  of  6  L/min  permitted  a  20%  reduction  of 
dead  space  and  P,,,, .  Remarkably,  at  6  L/min  TGI  flow, 
plateau  pressures  slightly  increased,  suggesting  that  a  certain 
degree  of  hyperinflation  was  caused  by  TGI, 

In  .-XRD.S  patients,  part  of  the  dead  space  resides  in  the 
al\  eoli  as  ah  eolar  dead  space.  The  alveolar  gas  originating 
from  those  ventilated  but  hypoperfused  lung  regions  is 
COi-poor.  diminishing  the  impact  on  alveolar  ventilation 
of  washing  proximal  dead  space  free  of  CO,.  Adopting  a 
perinissive  hypercapnia  strategy  increases  the  amount  of 
CO,  that  can  be  removed  from  the  proximal  anatomic 
dead  space  and  counterbalances  the  decreased  CO,  re- 
moval efficacy  of  TGI  caused  by  increased  alveolar  dead 
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Fig.  3.  Percent  reduction  in  arterial  partial  pressure  of  carbon  di- 
oxide (P.icoJ  ''■o"i  '^s  baseline  value  as  a  function  of  catheter  flow. 
Distal  and  proximal  catheter  positions  were  1  cm  and  10  cm  above 
the  carina,  respectively.  Increasing  catheter  flow  from  2  LVmin  to  6 
LVmin  caused  a  reduction  in  the  percent  change  of  Pgco,  '''om 
baseline  at  both  catheter  positions.  (From  Reference  9,  with  per- 
mission.) 


space.*'  Several  studies""-  '•  have  shown  that  one  of  ihe 
most  important  features  of  TGI  is  to  maintain  normocap- 
nia or  a  given  level  of  P;,c(j,  while  V ,  is  decreased,  al- 
lowing a  reduction  in  minute  ventilation.  TGI  can  thereby 
be  used  to  decrease  the  forces  acting  on  the  king,  thus 
minimizing  ventilator-induced  lung  injury  in  ARDS  pa- 
tients (Fig.  4). 


During  pcrmis.sivc  hypercapnia  in  ARDS  patients.  Kal- 
fon  el  al'-  fomid  that  expiratory  washout  of  l."^  L/min  was 
extremely  useful  to  reduce  P.,( ,,  (by  M)V, )  and  to  signif- 
icantly increase  arterial  partial  pressure  of  oxygen  (from 
205  mm  Ilg  to  2%  mm  Mg).  The  reduced  P,,,,  accom- 
panied an  increase  in  plateau  pressure,  from  26  cm  H;0  to 
.^2  cm  H,0.  Suhsiaiuial  increase  in  airway  pressure  and 
lung  volinne  is  a  v\ell-known  side  effect  of  TGI  and  cor- 
relates with  the  How  used.-""  When  insuftlaiion  of  gas  is 
linnied  to  the  expiratory  phase,  V,  remains  virtually  un- 
changed during  vcilume-control  ventilation,  but  airway 
pressures  can  still  increase  through  expiratory  How  limi- 
tation and  aulo-l'liliP.  Increase  in  lung  volume  caused  by 
TGI  application  is  a  serious  limitation  of  the  technique  and 
should  be  avoided.  Solutions  to  minimize  expiratory  TGI- 
induced  auto-PEEP  include  using  lower  TGI  flows,  deliv- 
ering TGI  during  pressure-control  ventilation,  and  opti- 
mizing mechanical  ventilation  during  TGI  application. 
During  pressure-control  ventilation.  TGI-induced  increase 
in  airv\ay  pressure  automatically  results  in  decreased  V^, 
and  the  lack  of  expiratory  TGI-induced  auto-PEEP  is  as- 
sociated with  reduced  efficiency  of  CO,  elimination.''^ 
Likewise,  if  TGI  flow  is  reduced,  the  ability  to  clear  CO, 
is  also  diminished. 

Optimization  of  mechanical  ventilation  appears  to  be  a 
suitable  method  to  deliver  a  pressure-limited  ventilatory 
strategy  combined  with  TGI  while  avoiding  auto-PEEP 
and  the  deleterious  effects  of  hypercapnia  in  patients  with 
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Fig.  4.  Left  panel:  Effect  of  catheter  flow  on  arterial  partial  pressure  of  carbon  dioxide  (P., 
constant.  Right  panel:  Percent  reduction  in  V,  from  baseline  value  as  a  function  of  catheter  flow,  while  P,,co,  was  maintained  constant. 
Tracheal  gas  insufflation  can  be  used  to  decrease  P^co.,  or  to  minimize  the  forces  (alveolar  pressure)  acting  on  the  lungs.  (From 
Reference  10.  with  permission.) 
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Fig.  5.  Changes  In  artenal  partial  pressure  of  carbon  dioxide  (PacoJ. 
inspiratory  plateau  airway  pressure  (Ppia,).  positive  end-expiratory 
pressure  (PEEP),  and  arterial  partial  pressure  of  oxygen  (PaoJ  in- 
duced by  optimized  mechanical  ventilation  (OPTIMV),  expiratory 
washout  (EWO),  and  the  combination  of  OPTIMV  and  EWO  in  6 
patients  with  severe  acute  respiratory  distress  syndrome  (ARDS). 
Extrinsic  PEEP  had  to  be  reduced  by  5.3  ±  2.1  cm  H2O  dunng 
EWO  and  by  7.3  =  1 .3  cm  H,0  during  the  combination  of  OPTIMV 
and  EWO,  whereas  it  remained  unchanged  during  OPTIMV  alone. 
Ppi3,  did  not  significantly  change,  suggesting  that  lung  hyperinfla- 
tion was  not  produced.  In  patients  with  severe  ARDS,  the  combi- 
nation of  OPTIMV  and  EWO  had  additive  effects  and  resulted  in 
P3CO2  levels  close  to  normal  values.  (From  Reference  12,  with 
permission.) 


severe  ARDS.  Richecoeur  et  al'-  found  lliat  the  combina- 
tion of  increasing  respiratory  rate  to  the  limit  of  auto- 
PEEP.  removing  the  tubing  connecting  the  Y-piece  to  the 
endotracheal  lube  (ETT).  and  expiratory  washout  of  13 
L/min  produced  a  significant  reduction  in  Pacc  from  84 
mm  Hg  during  conventional  ventilation  to  45  mm  Hg.  The 
combination  of  expiratory  washout  and  optimi/ation  of 
mechanical  ventilation  invariably  originated  auto-PEEP, 
but  the  concomitant  decrease  in  external  PEEP  allowed  a 
constant  total  PEEP  and  plateau  pressures  during  the  dif- 
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Fig.  6.  Arterial  partial  pressure  of  carbon  dioxide  (PacoJ  and  peak 
inspiratory  pressure  (PIP)  during  tracheal  gas  insufflation  (TGI)  with 
oxygen  (O2)  and  helium  (He)  at  2,  4,  and  6  Umin.  BL-2,  BL-4,  and 
BL-6  indicate  baseline  values  (no  TGI)  for  companson  purposes. 
Continuous  TGI  improved  ventilation.  At  a  high  flow  rate,  TGI  with 
helium  was  associated  with  a  lesser  increase  in  airway  pressure 
than  TGI  with  oxygen.  (From  Reference  37,  with  permission.) 


ferent  treatments  (Fig,  5).  In  a  study  by  Richecoeur  et  al.'- 
oxygenation  did  not  improve,  suggesting  that  expiratory 
TGI  per  se  has  no  direct  effect  on  alveolar  recruitinent 
when  auto-PEEP  does  not  induce  an  increase  in  mean 
airway  pressure.  The  combination  of  TGI  v\ith  limited 
pressure-control  ventilation  has  been  proposed  as  an  alter- 
native to  extracorporeal  or  intraca\al  support  for  ARDS 
patients  who  are  highly  hypercapnic  and  hypoxemic.-^* 

The  effect  of  different  gas  mixtures  (helium  and  oxy- 
gen) during  TGI  application  has  been  studied  in  patients 
suffering  respiratory  failure."  Helium  is  an  inert  gas  that 
has  a  much  lower  density  than  oxygen  or  air.  When  given 
at  the  same  ilvv.  as  a  nitrogen/oxygen  mixture,  a  helium/ 
oxygen  mixture  produces  a  much  lower  Reynolds  number 
and  laminar  flow.""*  In  a  study  by  Pizov  et  al,"  TGI  with 
helium  was  more  effective  than  TGI  with  oxygen  in  treat- 
ing hypercarbia,  because  the  use  of  helium  leads  to  a  lesser 
increase  in  airway  pressure  accompanying  the  decrease  in 
Paco,  *F't-  6'-  Since  the  helium/oxygen  combination  for 
TGI  application  has  the  potential  to  decrease  arterial  partial 
pressure  of  oxygen,  precautions  should  he  taken  in  the  use  of 
helium,  particularly  in  patients  w1k>  require  a  high  fraction  of 
inspired  oxygen  to  maintain  adequate  oxygenation. 

One  of  the  indications  for  the  u.se  of  TGI  is  the  presence 
of  high  airway  pressures  that  cannot  be  reduced  as  a  result 
of  the  contraindication  of  hypercarbia.  In  the  context  of 
lung  injury  in  association  with  head  injury,  the  aim  of  TGI 
is  to  decrease  airway  pressures  while  a\oiding  the  result- 
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Time  (sec) 


Fig.  7.  Flow  and  inductive  plethysmographic  lung  volume  tracing  in  a  mechanically  ventilated  patient  (pressure- 
support  ventilation  [PSV]  of  4  cm  H,0)  during  panexpiratory  tracheal  gas  insufflation  (TGI)  of  8  Umin.  In  6  out 
of  1 1  breaths,  TGI  flow  met  the  patient's  inspiratory  flow  demand  and  provided  the  total  inspiratory  volume  for 
the  breath  and  the  ventilator  was  not  triggered.  (From  Reference  46.  with  permission.) 


ing  increa.se  in  P-.c-o,-  Elevated  inlraLiunial  pressure  ap- 
pears to  be  the  only  absolute  contraindication  to  pennis- 
sive  hypercapnia."'  Nevertheless,  neurologic  patients  with 
head  trauma  and  severe  ARDS  complicated  by  barotrauma 
need  a  concomitant  management  of  raised  intracranial  pres- 
sure and  raised  airway  pressure.  Levy  et  aH"  found  in  two 
patients  suffering  severe  ARDS  that  the  introduction  of 
TGI  decreased  P.,(.„,  by  17%.  intracranial  pressure  by  269?-. 
and  increased  calculated  cerebral  perfusion  pressure.  Al- 
though the  report  of  Levy  et  aP"  is  anecdotal,  it  constitutes 
a  firm  basis  for  future  research  in  that  type  of  patient. 

Weaninf> 

Liberation  from  mechanical  ventilation  is  an  easy  pro- 
cess for  most  patients.  In  recent  clinical  trials,  between 
6(Wf  and  8()7f  of  patients  could  be  extubated  directly  from 
full  ventilatory  support.-"  ■"  However,  in  patients  who  have 
undergone  prolonged  ventilatory  support,  weaning  can  be 
difficult.  Failure  of  the  respiratory  muscle  pump  is  prob- 
ably the  most  common  cause  of  failure  to  wean  from  ine- 
chanical  ventilation.  Indeed,  chronic  obstructi\e  pulmo- 
nary disease  patients  who  subsequently  fail  a  inal  ot 
weaning  exhibit  not  only  an  almost  immediate  rapid  ami 
shallow  breathing  when  ventilatory  suppt)rt  is  discontin- 
ued but  also  a  progressive  worsening  of  pulmonary  me- 
chanics, with  inefficient  CO^  clearance,  in  comparison  with 
those  chronic  obstructive  pulmonary  disease  patients  who 


are  successfully  extubated  alter  the  spontaneous  breathing 
trial.  Deterioration  of  respiratory  system  mechanics  in  pa- 
tients who  fail  the  weaning  trial  is  characterized  by  in- 
creased auto-PEEP.  increased  inspiratory  resistance,  and 
decreased  dynamic  lung  compliance."  Thus,  inefficient 
CO-,  clearance  in  the  failing  group  appeared  to  be  a  con- 
sequence of  worsened  pulmonary  mechanics  w  ith  increased 
energy  expenditure  and  rapid  shallow  breathing,  because 
the  decreased  Vj  caused  an  increase  in  dead  space  \enli- 
lation.  In  this  context.  TGI  could  have  a  role  as  an  adjunct 
to  ventilator  weaning. 

Cereda  et  aH"  studied  the  effect  of  TGI  combined  w  ith 
continuous-flow  positi\e  airway  pressure  (CPAP)  on  the 
effort  of  breathing  in  spontaneously  breathing  sheep  with 
acute  lung  injury.  They  found  that  the  beneficial  physio- 
logic effects  of  TGI  on  minute  ventilation  and  gas  ex- 
change were  followed  by  a  decrease  in  the  inspiratory 
WOB.  Remarkably,  no  additional  benefit  was  observed 
from  raising  insufflation  flow  from  10  L/min  to  15  l./min. 
These  authors  attributed  the  beneficial  effect  (of  TGI  vsith 
CPAP)  on  effort  of  breathing  to  a  favorable  balance  be- 
tween decreased  ventilatory  requirement  and  low  wurk 
load  superimposed  by  the  apparatus  and  TGI.  In  lact.  w  ith 
CP.\P  delivered  via  mechanical  ventilator  in  combination 
with  TGI.  additional  inspiratory  effort  is  required  to  over- 
come the  insufflation  flow  and  trigger  the  ventilator  valves. 
Iloyt  et  aH"  nicely  showed  in  a  bench  siud\  that  TGI  might 
interfere  with  \eiitilator  triggering  at  low  peak  inspiratory 
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Fig.  8.  Percentage  reduction  in  arterial  partial  pressure  of  carbon 
dioxide  (Paco,)  'rom  baseline  as  a  function  of  the  reduction  in 
partial  pressure  of  end-tidal  carbon  dioxide  (Petco,)  'rom  tfie  base- 


line value  (Pe 


As  tfie  difference  between   Pc 


and 


PjTTcozbase^''-'®'^®'^'  larger  reductions  in  P-jcOiW6''6  observed.  (From 
Reference  9,  witfi  permission.) 


flow  rates,  which  suggests  that  weak  patients  may  fail  to 
open  the  demand  valve  of  the  CPAP  system  during  TGI  at 
high  catheter  flow  rates  (Fig.  7). 

Based  on  the  hypothesis  that  TGI  has  the  potential  for 
decreasing  anatomical  dead  space,  enhancing  gas  mixing. 
and  possibly  reducing  WOB.  several  authors  have  tested 
the  effects  of  TGI  on  lung  function  in  patients  undergoing 
weaning  from  mechanical  ventilation.  A  study  by  Nakos  et 
al-^  found  that  Vy.  minute  ventilation,  P^co,'  ^^^  physio- 
logic dead  space  were  reduced  in  a  tlow-dependent  man- 
ner when  gas  was  delivered  through  an  oral-tracheal  tube. 
Moreover,  they  found  that  distal  positioning  of  the  TGI 
catheter  was  more  effective  than  proximal  positioning  and 
that  the  effects  were  less  effective  in  patients  with  trache- 
ostomy. Interestingly,  the  improvement  in  ventilatory  ef- 
ficiency resulting  from  the  functional  reduction  of  dead 
space  allowed  for  a  decrease  in  Pj(_o,  u'  t'T^  same  respira- 
tory rate  and  at  lower  V^.  These  data  suggest  that  inspira- 
tory WOB  was  also  reduced,  since  V,  was  significantly 
reduced.  In  a  preliminary  work,"*^  we  studied  the  effects  of 
expiratory  TGI  during  CPAP  on  6  ready-to-wean  patients. 
Expiratory  TGI  of  8  L/min  decreased  the  pressure  time 
product  of  the  diaphragm  in  5  out  of  6  patients,  reduced 
Vy,  and  caused  no  changes  in  respiratory  rate  or  Paco,- 
Data  from  those  studies'-'-'^  suggest  that  expiratory  TGI 
might  help  patients  who  have  difficulties  during  weaning. 

Monitorinj;  during  Tracheal  (las  Insufflation 

TGI  is  a  simple  and  apparently  safe  method  to  reduce 
both  minute  ventilation  and  P;,(o  ■  Regardless  of  the  ap- 
proach used.  TGI  has  the  potential  to  alter  volumes  and 


airway  and  alveolar  pressure  and  requires  careful  moni- 
toring of  ilclivered  volumes  and  pressures  to  ensure  safe 
clinical  application  and  to  evaluate  the  effect  on  lung  func- 
tion. Moreover,  the  position  of  the  TGI  catheter  inside  the 
ETT  should  be  carefully  controlled.  The  presence  of  a 
catheter  inside  the  ETT  may  increase  both  inspiratory  and 
expiratory  resistance,  particularly  when  small  endotracheal 
or  tracheostomy  tubes  are  used. ''•'■'■'"'•'''  Lucangelo  et  al"^ 
studied  the  air  How  resistance  of  a  2.7  mm  external-diani- 
eter  calheler  placed  inside  ETTs  of  various  sizes  and  tound 
that  resistance  differed  markedly  in  the  various  tube  sizes 
and  flows  tested. 

During  continuous  TGI,  total  V ,  is  the  sum  of  ventila- 
tor-derived volume  plus  the  additional  \olume  delivered 
by  TGI.  The  difference  between  the  pre-programmed  ven- 
tilator Vp  and  the  ventilator-delivered  volume  pkis  the 
contribution  of  volume  from  the  TGI  catheter  can  adversely 
affect  the  ability  of  the  ventilator  to  monitor  pressures  and 
volumes,  calibrations,  and  leak  detections,  and  may  cause 
the  ventilator  to  alarm  non-stop.  The  measurement  of  auto- 
PEEP  by  the  end-expiratory  occlusion  technique  may  cause 
a  dramatic  elevation  of  lung  volume  if  TGI  flow  is  not 
simultaneously  interrupted.  The  same  effect  would  occur 
with  continuous  TGI  during  end-inspiratory  occlusion.'' ''' 

The  efficacy  of  TGI  can  be  monitored  by  capnography. 
Exhaled-gas  capnograms  provide  an  indicator  of  the  effect 
of  TGI  on  the  CO^  concentration  of  the  gas  remaining  in 
the  proximal  anatomic  dead  space  compartment  at  the  on- 
set of  inspiration  (see  Fig.  1  )y' '  Although  in  patients  with 
respiratory  failure  the  partial  pressure  of  end-tidal  carbon 
dioxide  (Petco,)  '^  a  poor  estimate  of  Paco,'*^"^"  TGl- 
induced  changes  in  Pbtco,  correlated  significantly  with 
changes  in  P^j-o,  justifying  routine  measurement  of  Pi^t^^q 
during  TGI  application,  as  a  marker  of  its  effectiveness 
(Fig.  8).^'- 1'-' 

Potential  Complications 

Delivering  catheter  gas  at  higher  tlows  needs  to  be  ex- 
amined with  regard  to  the  need  for  humidification  and  the 
potential  for  tracheal  damage  with  long-term  use.  The  pres- 
ence of  a  catheter  inside  the  ETT  may  complicate  suction 
of  respiratory  secretions  and  sputum  removal. 

TGI  has  the  potential  to  increase  end-expiratory  lung 
volume  in  a  flow -dependent  fashion  or  catheter  de- 
sign. "■-"•-'■'-■"  Catheter  flow  can  increase  alveolar  pres- 
sure in  3  ways.**  First,  part  of  the  momentum  of  the  dis- 
charging jet  stream  is  transferred  to  the  alveoli.  Scctind. 
placement  of  the  catheter  decreases  the  cross  sectional 
area  of  the  trachea  a\ailable  for  expiratory  flow,  effec- 
tively increasing  expiratory  resistance.  Third,  catheter  flow 
through  the  ETT,  expiratory  circuit,  and  expiratory  valve 
during  expiration  builds  a  hack  pressure  at  the  airway 
opening,  which  impedes  expiratory  How  from  the  lung. 
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Finall>,  a  complete  ohstruclion  ol  ihe  (Hitriuu  can  cause 
overinllation  of  Ihe  lungs  in  seconds,  with  the  potential  of 
pneumothorax  or  hemodynamic  compromise. 

The  development  ot  liuig  hyperinflation  can  be  effec- 
tively controlled  by  decreasing  external  PKKP  to  counter- 
balance the  increase  in  auto-PEtP  so  that  total  PtLl'  is 
kept  constant.'-  Overpressurization  can  be  identified  by 
examining  the  airway  pressure  tracing"  and  can  be  rem- 
edied bv  placing  a  pressure-relief  \al\e  in  the  ventilator 
circuit  to  dissipate  insufllated  How  that  produces  excess 
pressure.^-  Other  authors  have  designed  s\  stems  that  allow 
increase  of  CO,  clearance  without  the  risks  of  hyperinfla- 
tion. De  Roberlis  et  al'^'  studied  the  combination  of  aspi- 
ration of  anatomic  and  instrumental  dead  space  in  the  late 
part  of  expiration  and  replaced  with  fresh  gas  through  the 
inspiratory  line  of  the  ventilator.  This  aspiration  system 
allowed  reductions  in  airway  pressure  and  V,  while  keep- 
ing Puco,  e-onstant  in  healthy  humans'^'  and  in  ARDS  pa- 
tients.^■'^  the  aforementioned  aspiration  system  has  the  po- 
tential to  avoid  the  problems  associated  w  ith  jet  streams  of 
gas  or  with  gas  humidification,  without  developing  auto- 
PEEP.  Finally.  Takahashi  et  al'*''  observed  that  the  combi- 
nation of  TGI  and  tracheal  gas  exsuftlation  allowed  pre- 
cise ct)ntrol  of  end-expiratory  lung  volume  while  providing 
the  most  effective  CO,  elimination. 


Summary 

Tracheal  gas  insufflation  is  a  promising  complementary 
technique  to  mechanical  ventilation.  TGI  is  very  effective 
duruig  permissive  hypercapnia  in  ARDS  patients,  dimin- 
ishing the  complications  associated  with  both  mechanical 
ventilation  and  respiratory  acidosis.  Furthermore,  some 
studies  suggest  that  weaning  aided  by  TGI  may  reduce  re- 
spiratory demand.  However,  routine  use  of  TGI  in  intensive 
care  warrants  further  investigation  to  solve  some  technical 
probleins  and  to  confirm  the  beneficial  effects  in  the  ab- 
sence of  complications  with  randomized  clinical  trials  in 
larger  groups  of  patients  receiving  mechanical  \  entilation. 
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Numerous  reports  of  patient,  lung  model,  and  animal  use  of  tracheal  gas  insufflation  (TCI)  have 
appeared  in  the  literature  o\er  the  past  10  years.  However,  no  commercial  T(a  system  is  available. 
As  a  result,  extreme  care  must  be  exercised  if  attempts  are  made  to  provide  TGI.  Numerous 
problems  with  noncommercial  systems  have  been  identified.  Continuous-llow  KM  results  in  an 
increase  in  peak  pressure  and  delivered  tidal  \olume.  The  use  of  a  How-limiting  or  pressure  relief 
\al\e  or  a  ventilator  with  an  exhalation  valve  active  during  exhalation  minimizes  these  problems. 
Ideally,  T(a  should  only  be  activated  during  the  expiratory  phase.  However,  this  requires  that  the 
T(a  system  be  integrated  NNith  the  mechanical  ventilator.  In  addition,  appropriate  s\stem  moni- 
toring should  be  available,  including  measurement  of  total  positive  end-expiratory  pressure,  peak 
inspiratory  pressure,  and  tidal  \(»lume.  and  there  should  be  a  method  of  identifying  increased 
carinal  pressure  and  deactivating  the  TCa  system  if  an  obstruction  occurs  proximal  to  the  point  of 
T(a  injection.  As  a  result  of  the  potential  complications  of  TGI,  this  technique  cannot  be  recom- 
mended for  routine  use  until  commercial  systems  are  available. 

AV\  wunis:  inicheul  gas  insufflaticm.  complicalums.  mechanical  vciililatioii.  positive  end-expiratory 
pressure.  PEEP,  airway  trauma.  [Respir  Care  2001  ;46(2):  167-1 76J 


Introduction 

Over  the  last  10  years  much  interest  has  fdcused  on  the 
potential  for  mechanical  ventilation  to  induce  lung  injury 
similar  in  pathophysiology  to  that  of  acute  respiratory  distress 
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syndrome.'  Based  on  the  results  of  recent  clinical  trials,  it  has 
become  the  standard  of  care  to  ventilate  patients  with  small 
tidal  volumes  (V, )  (4-8  mLTKg)  and  low  peak  alveolar  pres- 
sures (<  30-35  cm  H^O).- '  However,  even  if  respiratory 
rate  is  increased,  adequate  carbon  dioxide  (COj)  elimination 
ma>  not  be  possible  or  higher-than-desired  airway  pressure 
might  be  the  oni\  option.  Pennissi\e  h\pei"capnia  has  been 
protnoted  as  an  alternative  to  increasing  V^  or  airway  pres- 
sures, but  is  unacceptable  in  patients  with  increased  intracra- 
nial pressure  or  ciMicomitani  metabolic  acidttsis.'  ''  In  addi- 
tion, concerns  about  k)ng-tenn  neurologic  sequelae  have 
prompted  et'tbtis  for  alteniali\es. 

One  method  of  enhancing  CO,  elimination  without  rais- 
ing Vy  or  airway  pressure  is  the  flushing  of  mechanical 
and  anatomic  dead  space  by  a  secondar\  independent  gas 
How  at  the  carina — tracheal  gas  insufflation  t  IGl).- '^  This 
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technique  is  not  new:  it  was  originally  proposed  as  an 
adjunct  to  mechanical  ventilation  in  1969  by  Stresemann 
and  Sattler.''  However,  in  spite  of  information  regarding 
the  use  of  TGI  available  for  more  than  30  years,  there  are 
no  commercially  available  systems  to  provide  TGI. 

The  primary  reason  why  TGI  has  not  become  part  of 
common  clinical  practice  is  the  complications  and  prob- 
lems observed  during  the  use  of  TGI  (Table  I).  Many  of 
these  problems  have  simple-to-engineer  solutions,  but  some 
ma\  be  life-threatening  if  not  appropriately  monitored  and 
alarmed  or  if  system-interrupt  algt)rithms  are  not  standard. 
This  article  discusses  the  problems  inherent  in  TGI  sys- 
tems and  methods  to  avoid  those  problems. 

Altered  Airway  Pressures  and  Volumes 

Depending  on  the  TGI  system  used  and  the  type  of  TGI 
catheter  placed,  an  increase  or  decrease  in  peak  alveolar 
pressure  or  end-expiratory  pressure  may  occur  during  TGI. 

Tracheal  Gas  Insufflation  System 

Numerous  approaches  to  TGI  and  a  number  of  different 
catheter  types  have  been  documented  in  the  literature  (Ta- 
ble 2).  Catheter  designs  either  direct  gas  flt)w  toward  the 
carina  (direct-flow  TGI  [d-TGI])'"  or  toward  the  ventilator 
circuit  (reverse  TGI)."  TGI  delivery  systems  are  either 
continuous'-  or  phasic  (expiratory  only)"  and  provide  ei- 
ther msutflation  (TGI)'"  "  or  exsuftlation  (TGE).'-"'^'" 

Peak  System  Pressure 

As  illustrated  in  Figure  1 ,  regardless  of  whether  vol- 
ume-control or  pressure-control  is  used,  continuous-flow 
TGI  (c-TGI)  increases  peak  airway  pressure,  peak  carinal 


pressure,  aiul  ond-inspiralory  pressure,  as  well  as  increas- 
ing or  decreasing  total  positive  end-expiratory  pressure 
(PEEP)."  In  association  with  these  changes  is  an  increase 
in  V,."  During  volume-controlled  ventilation  (see  Fig. 
I  A)  the  How  from  the  c-TGI  system  is  additive  to  the  tlovv 
from  the  ventilator.  With  pressure-controlled  \entilation. 
the  addition  ot  the  c-TGI  flow  causes  the  flovs  from  the 
ventilator  to  more  rapidly  decelerate,  and  once  the  venti- 
lator tlow  reaches  zero  a  square  wave  How  pattern  entirely 
from  the  c 'fCll  system  persists.  Conceivably,  in  a  patient 
with  a  high  system  compliance,  low  airways  resistance, 
and  short  inspiratory  time  (T,).  inspiratory  pressure  and  Vj 
might  not  be  altered,  but  this  is  highly  unlikely.  In  general, 
the  impact  of  c-TGI  on  inspiratory  airway  pressure  is  in- 
creased: the  sliffer  the  lung,  the  greater  the  airways  resis- 
tance, and  the  longer  the  T,." 

Correction  of  Inspiratory  Pressure  Changes 

A  number  of  different  techniques  are  available  to  avoid 
increased  inspiratory  airway  pressure  and  V-p  during  TGI. 
Figure  2  depicts  the  effects  of  expiratory  TGI  (e-TGI)  and 
volume-adjusted  TGI  (a-TGI).'-  Note  that  with  each  of 
these  techniques  the  inspiratory  phase  of  ventilation  is 
unaffected  by  the  TGI  flow.'-  This  is  always  true  with 
e-TGI. '^"*  but  only  applicable  in  limited  circumstances 
with  a-TGI.'-  First.  a-TGI  can  only  be  used  with  volume- 
controlled  ventilation.  Second,  the  interrelation  between 
set  Vj.  TGI  flow,  and  T,  limits  when  a-TGI  can  be  used,'- 
For  example,  if  Vj  is  ,500  mL  and  TGI  flow  is  18  L/min 
with  a  T,  of  \.5  seconds,  the  volume  added  by  the  TGI 
system  during  inspiration  is  4.^0  mL.  Thus,  setting  the 
ventilator  V^^  at  50  mL  would  maintain  V^  delivery  with- 
out pressure  change.  However,  if  the  V,  were  400  ml. 
instead  of  500  mL,  it  would  be  impossible  to  adjust  the 
delivered  V,  to  compensate  for  the  volume  delivered  by 
the  TGI  system  within  the  1.5  second  T,. 

The  use  of  e-TGI  requires  interaction  of  the  mechanical 
ventilator  and  the  TGI  system.  That  is.  activation  of  TGI 
flow  must  be  coordinated  with  the  onset  and  termination 
of  the  expiratorv  phase. '-■'-^•'''  Electronic  coupling  of  the 
TGI  system  and  the  ventilator's  exhalation  valve  will  ac- 
complish the  appropriate  interaction,  but  coordination  could 


Table 


Detlnitions 


TGI 

'  c-TGI 

i  a-TGI 

'  e-IGI 

.  d-TGI 

■  r-TGI 

•  TGE 


Tracheal  gas  insufllation 

Continuous-flow  tracheal  gas  insufflation  during  both  inspiration  and  expiration 

Volume-adjusted  continuous-flow  tracheal  gas  insufflalion.  liilal  \ohime  adjusted  hy  TGI  volume  provided  during  inspiration 

Expiralory-phase-only  tracheal  gas  insufflation 

Direct  tracheal  gas  insufflation;  (low  directed  toward  carina 

Reverse  tracheal  gas  insufflation;  How  directed  toward  ventilator  circuit 

Tracheal  gas  exsufflalion:  expiratory  phase  only 
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Fig.  1  A:  Flow-versus-time  tracings  of  delivered  gas  flow  measured  both  at  airway  openings  and  distal  to  the  entrance  of  the  tracheal  gas 
insufflation  (TGI)  flow  in  both  pressure-controlled  ventilation  (PCV)  and  volume-controlled  ventilation  (VCV)  with  and  without  the  addition  of 
12  Umin  TGI  flow  in  a  lung  model.  B:  Pressure-versus-time  tracings  of  system  pressure  measured  both  at  airway  opening  (PaO)  and  distal 
to  the  entrance  of  the  TGI  flow  (Palv)  in  both  PCV  and  VCV,  with  and  without  the  addition  of  12  LVmin  TGI  flow  in  a  lung  model.  (From 
Reference  10,  with  permission.) 
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also  be  accomplished  by  the  measurement  of  tlnw  at  the 
patient  airway  and  activation  o(  the  TGI  system  baseii  on 
directional  changes  in  delivered  I'low, 

Placement  of  a  pressure  relief  or  flow  relief  valve  into 
the  \entilator  circuit  would  also  prevent  airway  pressure 
and  Vj  from  increasing  during  pressure-controlled  venti- 
lation.'"-'' Although  it  is  feasible  to  use  these  valves  dur- 
ing volume-controlled  ventilation,  it  is  difficult  to  ensure 
constant  V , .  The  airway  pressure  waveform  tends  to  look 
like  a  pressure-controlled  breath,  and  V ,  is  no  longer  the 
target.  When  a  pressure  relief  val\e  is  used,  it  functions 
most  effectively  when  placed  in  the  inspiratory  limb,'*'-" 
whereas  a  flow  relief  valve  needs  to  be  placed  in  the 
expiratory  limb  (Edgar  Delgado,  L'nisersity  of  Pittsburgh 
Medical  Center,  2000,  personal  communication)  for  max- 
imum effectiveness. 

Pressure  and  volume  increases  can  also  be  prevented 
during  c-TGI  by  the  use  of  a  ventilator  that  has  an  exha- 
lation valve  active  during  inspiration  in  the  pressure-con- 
trolled mode."-'  The  only  two  ventilators  that  include  this 
feature  at  present  are  the  Driiger  Evita  and  the  Nellct)r 
Puritan  Bennett  840.  With  an  exhalation  valve  active  dur- 
ing inspiration,  pressure  exceeding  the  set  pressure  control 
level  is  released  to  the  atmosphere. 

Continuous  TGI  with  a  pressure  relief  valve,  flow  relief 
valve,  or  exhalation  valve  active  during  inspiration  avoids 
the  development  of  excess  system  inspiratory  pressure  and 
a  higher  V-p  than  during  pressure-control  ventilation  (PCV ) 
without  TGI.  However,  the  gas  flow  pattern  delivered  to 
the  patient  will  be  different  from  that  without  the  use  of 
TGI.'"  Ventilator  flow  decreases  more  rapidly  with  c-TGl 
(.see  Fig.  IB)  and  the  flow  pattern  during  PCV  becomes 
similar  to  square  wave  flow,  never  decreasing  to  zero  flow 
prior  to  the  end  of  inspiration. 

Alteration  in  Total  Positive  End-Expiratory  Pressure 


with  increased  T,  is  a  result  ol  both  air  trapping  and  in- 
trinsic F^HHP  (auto-PEEP).'"  and  during  c-TGI  a  greater 
V|  is  delivered  with  the  longer  T,.  With  e-TGI,  TGI- 
induced  PEEP  is  not  affected  by  T,  unless  the  longer  T, 
causes  air  trapping  and  auto-PEEP.'-  ' ' 

The  effects  of  TGl-mduced  PEEP  can  be  corrected  by 
careful  monitoring  of  end-inspiratory  plateau  pressure 
(Ppi„)  and  V,  (Table  3).'"  '-  During  solume-controUed 
ventilation  the  development  of  TGl-induced  PEEP  (as  with 
auto-PEEP)  cau.ses  Ppi^,  to  increa.se.  Reducing  applied  PEEP 
until  Ppi^,  returns  to  the  level  measured  before  TGI  was 
started  restores  the  total  PEEP  le\el  to  that  set  before 
TGI.'-"  Similarly,  during  pressure-controlled  ventilation 
the  development  of  TGl-induced  PEEP  causes  V^  to  de- 
crea.se.  Reducing  the  applied  PEEP  until  Vj  is  restored  to 
the  pre-TGl  V^  returns  total  PEEP  to  the  pre-TGI  le\el.'3 
During  both  e-TGI  and  c-TGI,  similar  adjustments  can  be 
made,  but  the  continuous  flow  during  c-TGI  prevents  pre- 
cise measurement  of  Ppi^,  or  Vj,  preventing  accurate  cor- 
rections. 

Reverse-flow  TGI  (r-TGI)  does  not  result  in  an  increase 
in  total  PEEP,  but  rather  a  decrease  in  total  PEEP.""  The 
reverse  flow  of  high-velocity  gas  creates  a  jet  drag  effect 
at  the  catheter  orifice,  decreasing  total  PEEP.  The  magni- 
tude of  the  decrease  depends  on  catheter  design  and  TGI 
gas  flow  velocity,  not  gas  flow  volume.  Systems  with 
large-bore  TGI  catheters  alter  total  PEEP  minutely.  In  at 
least  one  comparison,  similar  TGI  flows  resulted  in  ap- 
proximately 3.0  cm  H^O  PEEP  increase  with  direct  flov., 
but  less  than  1.0  cm  HiO  decrease  with  re\erse-tlow." 

The  decrease  in  PEEP  with  r-TGI  can  be  conected  in  a 
manner  similar  to  d-TGl.  During  \olume-controlled  ven- 
tilation the  applied  PEEP  is  increased  until  the  pre  e-TGI 
Ppi3,  is  restored,  whereas  during  pressure-controlled  ven- 
tilation the  applied  PEEP  is  increased  until  the  pre  e-TGl 
Vj  is  restored  (see  Table  3). 


During  d-TGl,  total  PEEP  is  increased  (Figs.  3and4)."  '- 
This  occurs  regardless  of  whether  TGI  is  continuous,"  or 
during  exhalation  only,'-  or  whether  Vj  is  adjusted  (a- 
TGI).'-  The  reason  for  this  is  that  the  TGI  flow  directed 
toward  the  carina  acts  as  a  threshold  resister.  The  greater 
the  d-TGI  flow,  the  greater  the  potential  for  increased  total 
PEEP.  As  noted  in  Figures  3  and  4.  lung  mechanics  affect 
the  development  of  TGl-induced  PEEP,  but  to  a  minor 
extent.  The  more  highly  compliant  the  lung,  the  greater  the 
TGl-induced  PEEP  developed.  .-Xs  nt)ted  primarily  in  Fig- 
ure 3,  volume-controlled  ventilation  results  in  greater  TGl- 
induced  PEEP  than  pressure-controlled  ventilation,  because 
with  volume-controlled  ventilation  and  c-TGl,  Vp  is  in- 
creased more  than  with  PCV,  because  there  is  no  mecha- 
nism to  decrea.se  ventilator-delivered  flow,  as  there  is  in 
PCV.  In  both  Figure  3  and  Figure  4.  T,  appears  to  affect 
TGl-induced  PEEP,  but  the  increased  PEEP  associated 


Tracheal  Gas  Exsufflation 

By  definition,  TGE  is  applied  only  during  the  expiratory 
phase.'-'"'  A  negative  pressure  is  applied  to  the  exsuffla- 
tion catheter,  removing  gas  from  the  lungs.  As  expected, 
this  does  not  affect  inspiratory  pressures  and  volumes  but 
does  decrease  PEEP.  The  effect  on  PEEP  depends  on  cath- 
eter design,  catheter  exsufflation  velocity,  and  flow .  When 
a  similar  catheter  is  used  for  e-TGI  and  TGE  with  the  same 
insufflating  and  exsufflating  velocities,  the  increa.se  and 
decrease  in  PEEP  are  of  similar  magnitude.'''  As  with 
r-TGI.  the  PEEP  decrease  seen  during  TGE  can  be  cor- 
rected by  adjusting  applied  PEEP  (see  Table  3).  With  vol- 
ume-controlled \entilation,  increase  applied  PEEP  until 
the  pre-TGE  Pp,^,  is  reestablished.  With  pressure-controlled 
ventilation,  adjust  applied  PEEP  until  the  pre-TGE  V^  is 
reestablished. 
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Fig.  2  A:  Flow-versus-tlme  tracings  of  delivered  gas  flow  measured  both  at  the  lung  model  (V|J  and  at  airway  opening  (VJ  in  pressure- 
controlled  ventilation  (PCV)  (left  panels)  and  volume-controlled  ventilation  (VCV)  (right  panels),  with  and  without  the  addition  of  tracheal  gas 
insufflation  flow.  B:  Pressure-versus-time  tracings  of  system  pressure  measured  both  at  the  lung  model  (P.„J  and  at  airway  opening  (P^J 
in  PCV  (left  panels)  and  VCV  (right  panels),  with  and  without  the  addition  of  tracheal  gas  insufflation  flow.  Note  that  there  is  considerable 
overlap  among  the  curves  for  each  tracheal  gas  insufflation  mode.  Lung  mechanics  were  set  at:  compliance  =  20  mUcm  H^O,  resistance  = 
20  cm  HjO/LVs,  tracheal  gas  insufflation  flow      8  L/min,  and  inspiratory  time  =  1,5  seconds,  (From  Reference  12,  with  permission,) 
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Fig.  3.  Changes  In  total  positive  end-expiratory  pressure  (APEEPi)  from  baseline  mea- 
surements (zero  tracheal  gas  insufflation  flow)  at  4  inspiratory  times  (Ti)  for  3  lung 
mechanics  setting  in  a  lung  model.  Only  mean  values  are  listed  and  all  values  are 
s  ±  0.5  cm  H,0  standard  deviation.  Tracheal  gas  insufflation  flow  values  are  in  LVmin. 
Clear  bars  indicate  pressure-controlled  ventilation.  Black  bars  indicate  volume-con- 
trolled ventilation.  Comp  =  compliance.  Res  =  resistance.  (From  Reference  10.  with 
permission.) 


Triggering 

As  shown  in  Figure  3.  TGI  flow  at  the  end  of  the  ex- 
piratory phase  may  pre\ent  ventilator  triggering  in  certain 
patients.--  However,  others  have  shown  that  adequate  gas 
exchange  can  be  maintained  in  spite  of  the  TGI  flow  in 
patients  receiving  both  continuous  positive  airway  pres- 
sure-' and  assisted  ventilation. -■*  The  patients  most  likely 
to  be  affected  by  the  TGI  tlinv  are  those  with  diminished 
ventilatory  drive. 


The  problems  associated  with  triggering  can  be  totally 
eliminated  if  the  TGI  flow  is  stopped  before  the  end  of  the 
expiratory  phase  or  if  the  TGI  flow  is  coordinated  with  the 
ventilator's  flow-triggering  mechanism.--  If  the  \entilaior 
considers  the  TGI  flow  in  its  How -triggering  algorithm, 
the  end-expiralory  bias  flow  from  the  TGI  system  can  be 
compensated,  and  triggering  would  thus  be  unaffected. 

Reverse  TGI  or  TGE  may  cause  auto-triggering.  The 
sub-baseline  end-expiratory  pressure  created  by  the  TGE 
system  would  be  expected  to  trigger  the  ventilator.  As  with 
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Fig.  4.  Changes  In  total  positive  end-expiratory  pressure  (APEEPi)  from  baseline  (zero 
tracheal  gas  insufflation  flow)  at  4  inspiratory  times  (T,)  for  3  lung  mechanics  settings. 
Only  the  mean  values  are  listed.  All  values  are  ±  0.1  (SD)  cm  HoO.  Comp  --  compli- 
ance. Res      resistance.  (From  Reference  12,  w/ith  permission.) 


TGI.  intcgralion  iit  the  TGE  system  vviili  the  venlilatDr's 
triggering  algorithm  would  allow  for  appropriate  trigger- 
ing in  spite  of  the  TGF.  or  r  TGI  How. 

Hiimiditk-ation 

Appropriate  huniidil'ication  ol  the  nisutt'laled  gas  ean  be 
a  major  problem,  especially  when  d-TGI  is  used  with  a 
very  small-bore  catheter.^  Pressures  greater  than  10  psi 
may  be  needed  to  maintain  TGI  How  through  some  cath- 


eters.'" This  demands  the  development  of  humidification 
systems  cajiable  of  tolerating  this  high  pressure.  None  of 
the  currenlK  available  ventilator  humidifiers  are  capable 
of  withstanding  this  pressure,  llunndincalion  systems  spe- 
cifically designed  for  TGI  need  to  be  developed. 

Direct-now  or  reverse-llovv  e-TGI  minimizes  the  prob- 
lems with  gas  humidification.  hut  a  humidifier  is  still  nec- 
essary. With  TGE  no  gas  is  insuffiaied.  and  with  r-TGI  or 
d-TGl  the  insuftlaled  flow  is  primarily  moved  into  the 
ventilator  circuit.  However,  since  r-TGl  or  d-TGl  may 
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Table  3.      Correction  of  Positive  End-Expiralory  Pressure  Arising 
from  Expir;Uor\-Phase  Tracheal  Das  Insufllation  or 
Exsulflalion 

VCV  with  Direct  IGI 

•  Ppi.AT  increased  by  TGI-induced  PEEP 

•  Decrease  applied  PEEP  until  Pi-lat  ~  pre-lCil  Ppi  at 

•  Total  PEEP  =  pre-TGI  set  PEEP 
P(\   «iih  DirecLlGJ 

•  \  ,  Jc. leased  by  TGI-induced  PEEP 

•  Decrease  applied  PEEP  until  V^  =  pre-TGI  V, 

•  Total  PEEP  =  pre-TGI  set  PEEP 
VCV  with  Reverse  TGI  or  TGE 

•  PpLAT  decreased  by  TGI  flow 

•  Increase  applied  PEEP  until  P,.,  .^j  =  pre-TGI  IVlai 

•  Total  PEEP  =  pre-TGI  set  PEEP 
PCV  with  Reverse  TGI  or  TGE 

•  \j  increased  by  TGI  flow 

•  Increase  applied  PEEP  until  V,   =  pre-TGI  V^ 

•  Total  PEEP  =  pre-TGI  set  PEEP 


VCV  -  volume  controlled  vcnlilation 

TGI  =  tracheal  gas  inMifflalion 

PpLAT  =  end-inspiraIor>  plateau  pressure 

PEEP  =  positive  end  expiratory  pressure 

I*CV  =  pressure-controlled  ventilation 

V-j-  =  tidal  volume 

TGE  =  tracheal  gas  cxsufflaiion 


iJcsiccatc  sccfctions  liiiini:  the  endotracheal  tube,  appro- 
priate Ininiidit'iealioii  is  required. 

Airway  Trauma  and  System  Obstruction 

Airway  trauma  is  expected  primarily  when  direct-How 
catheters  that  have  their  distal  tips  outside  the  artificial 
airway  are  used  to  deHver  TGI.  When  this  occurs,  the 
high-velocity  gas  flow  may  be  directed  to  the  wall  of  the 
trachea,  causing  erosion  of  the  inucous  membrane,  as  has 
been  observed  with  jet  ventilation.-^  In  addition,  the  far- 
ther the  catheter  tip  is  from  the  distal  end  of  the  artificial 
airway,  the  greater  the  likelihood  that  the  tip  of  the  cath- 
eter will  wipe  back  and  forth  in  the  airway,  traumatizing 
the  trachea.  Large-bore  catheters,  catheter  tips  located 
within  the  artificial  airway.  r-TGI,  and  TGE  all  ininimi/e 
the  likelihood  of  tracheal  injury. 

A  iTiajor  concern  with  all  TGI  systeins  is  the  develop- 
ment of  a  mucous  ball  at  the  end  of  the  TGI  catheter  or  an 
obstruction  in  the  artificial  airway  because  of  mucosal 
drying.-''  Either  ofthe.se  situations  would  be  catastrophic  if 
it  resulted  in  complete  obstruction  of  the  airway.  Regard- 
less of  the  TGI  system  or  catheter  used,  it  is  essential  to 
have  a  mechanistn  to  identity  increased  pressure  al  the 


Time  (sec) 


Fig.  5.  Flow  (top  graph)  and  inductive  plethysmographic  lung  volume  tracing  (bottom  graph)  in  a  mechanically 
ventilated  patient  (pressure-support  ventilation  of  4  cm  HjO)  during  expiratory  tracheal  gas  insufflation  (e-TGl)  of  8 
tVmin.  Flow  was  measureid  at  the  Y-aiJapter  (proximal  to  the  catheter  orifice),  so  baseline  e-TGl  flow  was  at  -8  L/min 
(dotted  line).  In  this  example  there  are  5  ventilator-delivered  pressure-support  ventilation  breaths:  however,  there  are 
a  total  of  1 1  breaths  as  measured  by  the  inductive  plethysmograph.  During  these  6  additional  breaths.  TGI  flow  met 
the  patient's  inspiratory  flow  demand  and  provided  the  total  inspiratory  volume  for  the  breath  and  the  ventilator  was 
not  triggered.  (From  Reference  22,  with  permission.) 
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TGI  calhctiM   up  .ukI  iinnictlialcls    slup  llic  Kll   How    il 
picssiiiv  ilmlIk's  a  ihreslH)ld. 

Munituriii^ 

As  is  i)h\  uuis  lium  ilic  previous  discussions,  caretul 
inoniloriny  iil  traL-lical  or  TCi!  calhck-r  pressure  is  essen- 
u.il  in  .Kiditioii,  the  aiiiiitv  lo  measure  llie  I',,,  „.  lota!  PEEP, 
and  actual  patient  V,  and  minute  ventilation  is  needed.  As 
a  result,  the  TGI  system  must  either  incorporate  the  ability 
to  pertorm  these  measurements  or  interact  with  the  me- 
chanical ventilator  in  such  a  manner  as  to  ensure  that  these 
measurements  can  be  made.  As  is  discussed  in  other  pa- 
pers ill  iliis  issue  of  Rispik.mory  Cari-.,  TGI  can  have  a 
dramatic  eft'ect  on  COj  levels,  but  it  can  potentially  have 
an  equally  dramatic  negative  effect  on  patients  if  not  prop- 
erly monitored  and  controlled. 

The  Ideal  Tracheal  Gas  Insiifflatittn  System 

.At  this  stage  in  the  development  of  TGI  it  may  be  pre- 
mature 10  de.scribe  the  ideal  TGI  system.  However,  there 
are  clearly  a  number  of  features  that  this  system  must 
possess.  First,  it  should  be  ultimately  coordinated  with  the 
mechanical  ventilator.  This  can  be  accomplished  by  a  sys- 
tem that  talks  to  the  ventilator  or  is  an  actual  part  of  the 
ventilator.  Tracheal  pressure  or  catheter  pressure  monitor- 
ing with  autiimatic  TGI  tlovv  shut-off  is  essential.  The 
ability  to  monitor  both  dvnamic  and  static  airway  pres- 
sures and  delivered  volume  must  be  present.  The  TGI 
system  must  be  integrated  into  the  mechanical  ventilator's 
breath-triggering  system  to  ensure  synchrony  if  used  dur- 
ing spontaneous  breathing.  My  bias  is  that  TGI  systems 
should  only  deliver  e-TGI  and  that  r-TGI  results  in  fewer 
problems  than  d-TGI.  Finally,  although  it  is  doubtful  that 
the  first  commercially  developed  systems  will  have  the 
TGI  catheter  as  part  of  the  artificial  airway,  that  would  be 
desirable.  The  development  of  artificial  airways  with  large- 
bore  TGI  channels  reduces  the  likelihood  of  airway  trauma 
and  reduces  the  ditficulty  of  humidifying  the  TGI  gas 
flow. 
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Calliclcrs  for  Tracheal  Gas  InsulTlalioii 

Alexander  \i  Adams  MPH  RRT  FAARC 

lntr(i(liuiii)ii 

Icihiiiial  Considi-rations 

Cathelcrs  and   I  iihis 

Iranstraclual  ( )\> j;iiialion 

MiMfllaiii'ous  (atlu'lcrs 

S|)t'iiali/i'(l  (  adu'ttrs 

TIk'  I.aHiiiiK-HtuissiKiiac  liilie 

Kevtisi-riiriist  Catlutir 

Kc'\c'rsc'-KI()"-I)esi};ii  I'libc 

A  Hidiitctional  (  atlKttr 
Suniiiiar> 

As  an  adjunct  to  nurhanical  >c'ntilation.  tracheal  fjas  insiitllation  (  TCai  injects  )>as  flo^  into  the  trachea 
to  Hush  carhon  dioxide  (((),)  Irom  the  anatomical  and  mechanical  dead  space,  hut  the  addition  of  lia 
lloM  Irom  a  catheter  ma>  cause  problems  related  to  increased  How  velocity  at  the  catheter  tip.  Forward 
momentum  and  turbulence  bcMind  the  tip  oppose  expiratory  How  and  may  cause  or  increase  intrinsic 
positive  end-expirator>  pressure.  If  the  catheter  is  placed  within  the  endotracheal  tube  (KIT),  the 
catheter  itself  acts  as  a  resisti>e  element  to  exhalation.  Kffects  of  the  catheter  presence  (contact  on  or 
whippinjj  against  the  airway)  or  local  rapid  ^as  lloM  effects  on  the  tracheal  mucosa  are  possible.  Ihus 
tar.  Ka  has  been  delivered  throuj^h  a  ranjje  of  catheter  sizes  and  styles.  Two  f>eneral  design  modifi- 
cations have  been  incorporated  in  TCa  systems  to  address  the  possible  problems:  embeddinj;  the  cath- 
eter How  channel  within  the  KII.  and  directinj>  the  IXa  flow  cephalad.  The  LaBrune-Koussijjnac  tube 
was  designed  with  6  or  8  channels  embedded  within  the  K TT.  from  which  T(a  flow  exits  laterall>  within 
the  KT'I  at  1.5  cm  from  its  tip.  Ihis  avoids  the  use  of  a  catheter  and  thus  avoids  local  traumatic  effects. 
A  reverse-thrust  catheter  has  been  designed  to  direct  flow  within  a  sheath  around  the  catheter  tip;  flow 
exits  cephalad  from  a  gap  between  the  sheath  and  the  catheter  shaft.  As  part  of  a  proposed  ventilatorv 
mode  (intratracheal  pulmonary  ventilation)  the  reverse-thrust  catheter  delivers  the  tidal  breath  and, 
additionally,  flushes  CO,  and  accelerates  secretion  removal  durinji  exhalation.  A  reverse-How  design 
ETI  has  been  developed  with  two  channels,  one  for  tidal  volume  delivery  and  the  other  for  r(a  flow. 
The  IXa  channel  is  relativelv  large  and  flow  is  directed  cephalad  by  a  nozzle  at  the  catheter  tip.  A 
recently  developed  bidirectional  catheter  allows  the  option  of  delivering  r(a  flow  cephalad,  towards  the 
lungs  or  in  both  directions.  I  nfortunately,  to  be  convenient,  the  use  of  speciallv  designed  catheters  or 
KTTs  requires  the  anticipation  of  Ra  use.  A  complete  system  for  the  safe  and  convenient  use  of  T(a 
in  ventilated  patients  is  not  as  yet  available,  but  concerns  about  the  safety  and  convenience  of  TGI 
delivery  have  been  addressed  with  recent  advances  in  catheter/tube  design. 

Key  wanly  iiculiciil  i;cis  iiiwillhiiion.  vdilutcrs.  ininstnulwal  owi^cn.  n'vcrsc-thrusl  catheter.  leverse-Jlow 
catheter,  bidirectional  catheter.  |RespirCare  2()()1;46(2):  177-1S4| 
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Introduction 

The  placciiicnl  ot  a  cathclor  in  the  trachea  to  dehver  gas 
flow  was  first  reported  in  the  late  1960s  by  Stresemann.' 
The  purpose  for  tracheal  gas  insiitnation  (TGI),  that  is. 
washout  ot  the  anatomical  dead  space,  was  clearly  de- 
scribed by  Stresemann,'  and,  subsequently,  Stresemann 
tested  TGI  in  an  animal  study  and  in  two  ventilated  pa- 
tients.--' In  the  reported  patient  cases,  si/e  #16  gauge  cath- 
eters were  positionetl  \n  the  tracheas  of  the  ventilated  pa- 
tients, and  TGI  was  shown  to  successfully  Hush  more  than 
the  anatomical  dead  space.  Using  TGI  for  carbon  dioxide 
(CO^)  elimination  was  not  reported  again  until  Bergofsky 
and  Hurewit/  dcli\ered  TGI  to  spontaneously  breathing 
patients  20  years  later. ■'■^  These  investigators  applied  "air- 
way insufflation"  through  transtracheal  oxygenation  cath- 
eters (SCOOP,  Transtracheal  Systems,  Denver,  Colorado) 
to  spontaneously  breathing,  hypercapnic  patients.  Further 
progress  in  TGI  catheter  development  has  occurred  within 
the  past  10  years,  although  a  method  of  conveying  TGI 
flow  to  the  tracheal  region  has  not,  as  yet,  been  standard- 
ized. Several  issues  remain  concerning  the  safety  and  con- 
venience of  delivering  TGI  flow.  The  development  of  cath- 
eters or  tube  designs  for  TGI  has  attempted  to  address 
several  concerns  about  safety  and  convenience,  as  well  as 
to  determine  TGI's  effectiveness.  Recent  development  has 
been  rapid:  several  innovative  catheters  and  tubes  have 
been  designed  and  tested  in  bench  settings.  Less  experi- 
ence has  been  repoiled,  thus  far,  from  the  clinical  setting. 
Without  directly  discussing  the  effectiveness  of  CO^  elim- 
ination by  TGI  with  various  catheters,  the  physical  char- 
acteristics and  general  purposes  of  the  TGI  catheters/tubes 
are  described  herein. 

Technical  Considerations 

There  have  now  been  several  decades  of  experience 
with  ventilator  circuitry.  Though  the  dynamics  of  air  flow 
throughout  the  airways  continues  to  be  crudely  understood, 
the  air  flow  dynamics  of  the  ventilator  circuitry  are  more 
easily  studied  and  better  understood.  With  the  integrated 
use  of  a  relatively  fixed  structure  such  as  an  endotracheal 
tube  (ETT)  or  a  TGI  catheter,  some  basic  concepts  can  be 
assumed  to  apply  to  TGI.  The  important  concepts  of  TGI 
delivery  are  associated  with  driving  gas  flow  into  a  narrow 
TGI  flow  channel(s).  As  the  gas  flow  channel  narrows  into 
the  TGI  catheter,  \elocity  increases  in  direct  proportion  to 
the  reduction  in  channel  area  (Fig.  1 ).  At  the  same  time,  to 
drive  gas  flow  through  the  catheter,  back  pressure  v\ill 
develop  in  the  tubing  or  chambers  (such  as  humidifiers) 
prior  to  the  narrowed  lumen  (Fig.  2).  Even  more  impor- 
tantly, when  the  gas  exits  the  TGI  channel  with  increased 
velocity,  the  forward  flow  moinentum  is  directed  toward 
the  lungs.  Also,  beyond  this  exit  point  the  gas  emitting 


Velocity  =  X 
/Area  =  Y 


Velocity  =  4X 
Area  =  1/4  Y 


Fig.  1 .  The  effect  of  driving  a  fixed  gas  flow  througli  a  narrowed 
lumen.  1.  Back  pressure  generates  prior  to  the  narrow  lumen.  2. 
Flow  velocity  increases.  3.  Turbulence  occurs  at  the  lumen  exit 
port.  4.  Forward  momentum  results  from  the  high  gas  velocity  at 
the  exit  port. 


from  the  catheter  tip  causes  markedly  increased  turbu- 
lence. Then,  during  the  patient's  expiratory  phase,  the  for- 
ward momentum  of  lung-directed  TGI  flow  and  the  in- 
creased turbulence  tend  to  oppose  expiratory  flow.  This 
opposing  flow  can  cause  intrinsic  positive  end-expiratory 
pressure  (auto-PEEP)  or  increased  end-expiratory  volume. 
Another  factor  is  the  additional  flow  from  the  TGI  catheter 
introduced  into  the  airway  during  exhalation.  This  addi- 
tional flow  can  increase  the  role  of  the  ETT  and  exhalation 
valve  of  the  ventilator  as  resistive  eleinents.  Also,  the  phys- 
ical presence  of  a  catheter  in  the  airway  may  become  a 
factor  during  exhalation.  The  presence  of  a  TGI  catheter 
decreases  the  lumen  area  within  the  ETT  and  may  act  as  a 
resistive  element  that  impedes  expiratory  flow.  This  effect 
could  be  important  with  a  larger-diameter  TGI  catheter 
and  an  ETT  with  a  smaller  internal  diaineter.  Though  a 
smaller  TGI  catheter  could  reduce  this  effect,  a  smaller 
TGI  catheter  tends  to  whip  at  higher  flow  rates.  With  a 
smaller  catheter,  air  stream  velocity  is  even  higher,  and  the 
gas  stream  may  become  directed  at  the  airway  mucosa. 
Also,  unless  the  increased  flow  is  heated  and  humidified, 
a  drier,  cooler  TGI  gas  may  be  directed  at  the  airway 
mucosa.  These  local  effects  due  to  turbulence  of  the  TGI 
stream  or  the  catheter  (whip,  stream  effect,  cooling,  dry- 
ing) can  be  called  local  jet  effects.  Finally,  depending  on 
the  phasing  of  TGI  flow  and  pressure  sensing  devices  in 
the  ventilator  or  circuitry,  lung  pressure  generation  beyond 
the  TGI  catheter  tip  is  possible  if  the  ETT  narrows  or 
occludes.  Therefore,  concerns  about  catheters  delivering 
TGI  flow  in  the  trachea  have  included: 

1.  Upstream  pressure  buildup  in  the  humidifier  and  the 
external  TGI  circuitr\. 

2.  Post-catheter  effects  on  exhalation  caused  by  turbu- 
lence and  momentum  transfer. 

}.  Additional  resistance  of  the  ETT  and  exhalation  \  al\  e 
with  the  addition  of  TGI  flow. 

4.  Catheter  presence  serving  as  a  resistive  element  dur- 
ing exhalation. 

5.  Local  jet  effects  on  the  airwa\  due  to: 

a.  Catheter  whip 

b.  High-velocitv  air  stream 
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Fig.  2.  Back  pressure  generates  upstream  from  a  tracheal  gas 
insufflation  catheter.  This  pressure  generation  is  in  an  exponential 
relationship  to  increasing  flow  and  is  directly  related  to  decreasing 
catheter  size.  (Adapted  from  Adams  AB.  Tracheal  gas  insufflation. 
Respir  Care  1996;4114]285-291.) 


c.  CiHilmj:  .irul  dryiiii;  ol  the  airway 

6.  Pressure  generation  m  ihe  lungs  with  TGI  How  oc- 
cluded or  impeded  exhalation. 

Several  innovali\e  catheters  and  lubes  have  been  devel- 
oped to  address  these  possible  problems.  There  have  been 
two  major  design  solutions  to  these  potential  problems: 

1 .  The  catheter  iisell'can  be  removed  from  the  ventilator 
circuit  by  delivering  TGI  via  a  channel(s)  in  a  specialized 
ETT. 

2.  The  use  of  a  catheter  designetl  to  direct  (low  away 
from  the  lungs  (cephalad). 

In  both  solutions,  the  need  for  the  TGI  tube  or  catheter 
must  be  anticipated — the  specialized  tube  should  be  used 
for  intubation  or  the  catheter  must  he  obtained.  Therefore, 
these  two  possible  solutions  may  be  effective  at  reducing 
undesired  effects  of  TGI.  but  their  use  may  not  be  conve- 
nient. 

Catheters  and  Tubes 

Transtracheal  Oxygenation 

In  sponianeousi)  breathing  patients,  extensive  experi- 
ence has  been  gained  in  the  use  of  catheters  emitting  How 
into  the  tracheal  region.  Transtracheal  oxygen  (TTO)  cath- 
eters have  been  used  for  oxygen  supplementation  flow 
since  the  1980s.  TTO  is  a  sophisticated  form  t)f  oxygen 
therapy,  with  a  different  purpose  than  TGI.  yet  the  intro- 
duction of  gas  flow  via  a  catheter  is  not.  functionally,  very 
different  between  the  two  techniques  (they  are  both  IXil). 
The  experience  with  TTO  provides  evidence  that  a  cath- 
eter positioned  in  the  trachea  can  be  safely  maintained 
over  extended  periods  without  serious  complications.^  '' 
The  most  common  complications  reported  with  TTO  have 


been  small  mucus  balls  iii  prnpniiinii  id  the  catheter  si/e  in 
use.  the  catheter  clogging  or  becoming  dislodged,  and  in- 
creased phlegm  production.  Though  ihe  stoma  and  cathe- 
ter must  receive  meticulous  care  with  the  use  of  T\().  the 
experience  trom  nO  suggests  that  TCil  may  not  have 
important  complications  from  local  jet  effects  (or  other 
effects'.')  on  the  airways  and  lungs. 

.Miscellaneous  Catheters 

The  initiation  of  TGI  in  the  clinical  setting  can  be  dan- 
gerously simple.  Technically,  the  only  extra  equipment 
required  for  adding  TGI  to  the  \entilator  circuit  woLikl  be 
a  nowmeler.  oxygen  tubing,  a  bronchoscope  adapter,  a 
catheter-oxygen  tubing  connector,  and  the  catheter  ih'ig. 
3).  The  flowmeter  with  oxygen  tubing  is  attached  to  the 
connector  and  catheter,  a  bronchoscopy  adapter  is  inserted 
at  the  end  of  the  ETT.  and  the  TGI  catheter  can  then  be 
positioned.  As  an  adjunct  to  mechanical  ventilation,  only 
prone  positioning  is  simpler  ami  less  expcnsi\e.  Hut  with 
the  indiscriminate  use  of  a  simple  TCil  circuit,  all  catheter- 
related  problems  can  occur.  Many  catheter  sizes  and  types 
have  been  used  for  TGI  (Table  1 ).  Recommendations  for 


Airway  pressure  tap 


Trachea 
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/\ 


Fig.  3.  Typical  schematic  of  a  simple  tracheal  gas  insufflation  (TGI) 
circuit:  a  gas  flow  source  (flowmeter),  a  blender  to  delivery  fraction 
of  inspired  oxygen  (F|o  )-matched  gas.  oxygen  tubing,  connector, 
bronchoscopy  adapter,  and  the  TGI  catheter  (Adapted  from 
Adams  AB.  Tracheal  gas  insufflation.  Respir  Care  1996;41[4] 
285-291.) 
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Table  I.  Sizing  of  Channels  lor  Tracheal  Gas  Insiilllaiion 


Study 

Isabey'" 

Heimlich  and  Carr'" 
Miro  et  al" 
Imanaka  et  al'" 

Nakos  et  al" 

Bergofsky  anil  Hiircuit/'' 
Hurewil/  el  aP 

Ravenscraft  et  al''' 

Kolobow  et  al  (reverse  Ihrusl  catheter)' 

Christopher  el  aP 

Kirmse  et  al  (reverse  How  design)"' 


Internal 

Catheter 

Diameter  (mm) 

Size 

1.0 

1.7 

5  French. 

16  gauge 

2.0 

2.1 

14  gauge 

7  French 

2.64 


,^..'54 


8  French 


the  selection  of  TGI  catheter  size  and  type  have  not  been 
pubUsheci.  Clinical  studies  of  TGI  have  used  this  simple 
TGI  catheter  circuit,  but  these  studies  have  included  ad- 
ditional monitoring  and  the  attention  of  data  collec- 
tion."'-'" 


Specialized  Catheters 

Several  specialized  catheters  have  been  used  to  study 
specific  questions  about  TGI  or  to  study  more  general 
issues  of  ventilation.  For  example.  Slutsky  and  Menon 
conducted  an  animal  study  of  constant-tlow  (apnea)  ven- 


tilation using  a  specialized  double-lumen  catheter."*  The 
calheier  was  placed  alongside,  not  through,  the  ETT  (Fig. 
4).  With  the  two  catheters  placed  outside  of  the  ETT,  they 
did  not  act  as  resistive  elements,  and  the  ETT  served  as  a 
conduit  for  exhalation  only.  The  catheters  were  positioned 
sequentially  at  several  distances  beyond  the  carina  while 
continuous  gas  flow  was  delivered  al  high  flows  without 
inspiratory/expiratory  cycling  (apnea  ventilation).  That 
study  reported  adequate  blood  gases  with  high  constani- 
flow  venlilation  via  airway-delivered  gas  flow. 

In  two  other  animal  studies,  TGI  was  deli\ered  \ia  a 
well-secured,  carefully  positioned  small-lumen  metal 
tube.''^-"  The  metal  catheter  pro\ided  a  fixed  directional- 
ity for  TGI  fiow,  eliminating  the  possibility  of  catheter 
whip  or  malpositioning. 

Another  study  delivered  TGI  through  an  ETT  designed 
for  high-frequency  ventilation  (Mallinckrodt  Hi-Lo  jet 
tube),-'  which  has  two  channels  tunneled  within  the  ETT. 
one  for  jet  ventilation  and  one  for  pressure  monitoring. The 
pressure  monitoring  channel  was  used  for  TGI  delivery  to 
allow  convenient  application  of  phasic-expiratory  TGI  and 
avoid  the  use  of  a  catheter. 

In  a  recent  study,  Blanch  et  al  reported  the  use  of  a 
Univent  (Phycon)  catheter  in  a  unilateral  lung  injury  mod- 
el.-- This  catheter  was  required  to  aim  the  therapy  (TGI)  at 
the  region  of  injury — the  injured  lung.  Injury-directed  TGI 
was  remarkably  effective  at  COt  elimination.  In  each  of 
the  cited  studies,  specialized  catheters  were  u.sed,  primar- 
ily, for  research  purposes.  These  catheters/tubes  were  not 
being  studied  or  tested  for  possible  clinical  use. 


FRONT  VIEW 


constant  flow 
of  heated  air 


constant  flow 
of  heated  air 


■  supporting  tubes 


inspiratory  flow 

constant  flow  catheters 


Fig.  4.  Schematic  of  a  double-lumen  tracheal  gas  insufflation  fTGI)  catheter  sys- 
tem used  in  a  study  of  constant-flow  (apnea)  ventilation.  The  two  catheters  are 
alongside  and  in  back  of  the  endotracheal  tube  (ETT).  Constant  gas  flow  is  de- 
livered by  the  catheters,  with  gas  exiting  the  lungs  via  the  ETT.  The  study  protocol 
involved  the  positioning  of  catheters  at  various  distances  into  the  airways  beyond 
the  ETT.  CFV  =  constant  flow  ventilation.  PEEP  -  positive  end-expiratory  pres- 
sure. (From  Reference  18,  with  permission.) 
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Fig.  5.  The  LaBmne-Boussignac  endotracheal  tube  (ETT|.  A:  Schematic  of  the  entire  tube,  with  a  mid-tube 
cross-section.  B:  Photograph  of  the  tube.  C:  Photograph  of  the  tube  tip.  (From  Reference  10,  with  permission.) 


The  LaBrune-Boussignac  Tube 


A  specialized  ETT.  the  LaBrune-Boussignac  tube,  lias 
been  developed  in  France,  with  an  original  purpose  ot 
providing  a  means  to  bypass  ETT  resistance.  It  was  also 
considered  as  an  option  for  delivering  constant-tlow  ven- 
tilation (Fig.  5).'"  This  tube  has  now  been  studied  as  a  TGI 
device.-'--*  The  tube  has  either  6  or  8  channels  molded 
along  the  length  of  its  inner  shaft.  Gas  entry  into  the  ETT 
is  via  a  manifold  at  the  top  of  the  tube,  and  the  channels 
direct  TGI  flow  to  a  lateral  entry  within  the  F.TT  at  1  ..'S  cm 


from  the  tip.  One  of  the  ports  is  reser\'ed  for  tracheal 
pressure  monitoring,  and  another  is  available  for  the  op- 
tion of  instilling  surfactant.  This  tube  was  studied  in  pre- 
mature newborns  as  a  TGI  de\  ice  during  mechanical  ven- 
tilation, and  its  use  allowed  a  less  aggressive  conventional 
\cnlilation  strategy.-'-''  There  are  several  possible  bene- 
fits to  ihc  use  of  the  LaBrune-Boussignac  lube.  The  use  of 
multiple  channels  distributes  gas  flow  and  reduces  the  ve- 
locil>  of  TGI  gas.  With  exit  ports  inside  the  tube,  local  jet 
effects  are  reduced  and  not  directed  upon  the  airway.  Em- 
bedding the  TGI  channels  into  the  ETT  avoids,  of  course, 
the  need  for  a  TGI  catheter. 
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Fig.  6.  A  reverse-thrust  catheter.  I  his  catheter  has  a  closed  end 
with  side  ports  for  the  exiting  TGI  flow.  Flow  is  directed  cephalad 
along  a  gap  between  a  sheath  and  the  catheter.  (From  Reference 
15,  with  permission.) 


Liquefied  mucus 


Fig.  7.  Secretion  removal  by  the  reverse-thrust  catheter  (RTC). 
This  schematic  illustrates  the  potential  role  for  movement  or  jetting 
of  liquid  secretions  and  inspissated  secretions  toward  the  mouth. 
ETT  =  endotracheal  tube.  (From  Reference  26,  with  permission.) 


Reverse-Thrust  Catheter 

A  specially  designed  TGI  catheter  has  been  developed 
as  part  of  a  ventilation  method:  intratracheal  pulmonary 
ventilation.'-''-^  This  catheter  has  an  occluded  tip,  with 
catheter  flow  exiting  via  side  ports.  The  TGI  flow  is  fur- 
ther directed  cephalad  along  an  annular  gap  (Fig.  6).  This 
is  called  a  reverse-thrust  catheter  (RTC)  because  it  directs 
TGI  flow  away  from  the  lungs.  With  an  RTC,  the  local  jet 
effects  from  TGI  flow  are  within  the  ETT,  and  TGI  flow 
is  aimed  away  from  the  lungs,  in  the  direction  of  (not 
opposing)  expiratory  tlow.  The  RTC  design  may  then  have 
another  possible  ad\antage:  a  higher-velocity  TGI  flow 
will  not  impede  expiration  if  a  Venturi  effect  by  the  RTC 
tlovs  entrains  rather  than  impedes  IIovn  from  the  expirators 
flow  stream.  In  intratracheal  pulmonary  \'entilation.  the 
RTC  also  delivers  the  tidal  volume.  With  the  RTC  flow 
running  continuously,  inspiration  occurs  when  the  exhala- 
tion valve  of  the  ventilator  closes  and  tidal  \olume  is 
delivered  to  the  lungs  \ia  the  RTC.  When  the  expiratory 
valve  opens  (during  exhalation)  the  ETT  serves  (as  its 
primary  role)  as  the  conduit  for  exhalation.  As  experience 
with  the  device  has  accumulated,  an  observation  has  led  to 
another  possible  beneflcial  use  of  the  RTC.  The  RTC  ac- 
celerates secretion  removal  from  the  ETT  and  airways,  so 
RTC  assists  with  airway  clearance  (Fig.  7).-^  RTC  use 
may  therefore  avoid  or  reduce  the  need  for  intermittent  en- 
dotracheal suctioning. 


Reverse-Flow-Design  Tube 

A  double-lumen  ETT  using  a  reverse-flow  design  (RED) 
tube  (Fig.  IS)  has  been  devised  for  use  with  TGI."'-^  -**  The 
larger  of  the  two  lumens  delivers  the  tidal  breath  to  the 
patient.  A  smaller  lumen  deli\ers  the  TGI  flow .  At  the  end 
of  the  TGI  lumen  a  nozzle  redirects  the  TGI  flov\  cephalad 
(as  with  the  RTC).  Again,  incorporating  the  TGI  flow 
v\  ithin  the  ETT  and  directing  TGI  flow  cephalad  has  some 
advantages.  Of  course,  with  the  RED  ETT  (as  with  the 
LaBrune-Boussignac  tube),  a  catheter  is  not  required.  Lo- 
cal jet  effects  are  contained  within  the  ETT.  And.  as  v\  ith 
the  RTC,  air  entrainment  abo\e  the  nozzle  by  the  TGI  flou 
can  assist  rather  than  impede  expiratory  flow . 

The  advantages  of  the  LaBrune-Boussignac.  RED.  and 
RTC  tubes/catheter  can  be  considered  improvements  in 
the  delivery  of  TGI.  Unfortunately,  with  use  of  the  La- 
Brune-Boussignac or  RFD  tubes,  the  use  of  TGI  should  be 
anticipated  prior  to  intubation.  Otherwise,  starting  TGI 
requires  extubation  and  immediate  lemtubation  w  ith  a  TGI 
ETT.  a  possibly  unsafe  procedure  in  a  critically  ill  patient. 
For  the  RTC  to  be  used,  the  catheter  must  be  obtained. 
Furthermoie,  its  use  has  been  primarils  but  not  exclusnely 
reported  with  intratracheal  pulmonar\  ventilation,  a  mode 
unfamiliar  to  most  clinicians.  Therefore,  without  the  abil- 
it\  to  anticipate  the  need  for  TGI,  the  application  of  TGI 
ma\  continue  to  be  either  unsafe  or  inconvenient. 
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TGI-Flow 


ET-  Lumen 


TGI  Lumen 


Flow  reversing  tip 

Fig.  8.  The  reverse-flow  design  endotracheal  tube.  A  single  relatively  large  channel  is  embedded  in  the 
endotracheal  tube.  A  nozzle  at  the  tip  of  the  tube  directs  the  tracheal  gas  insufflation  flow  cephalad. 
(From  Reference  28,  with  permission.) 


TGI  Delivery  Mode 


Continuous 


->  lOL/min 


Expiratory 


3 >  lOL/min 


3 


lOL/miiT^ 


Reverse 


5  L/min  <- 
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->  5  L/min 


Bi-directional 

Fig.  9.  Schematic  of  a  bidirectional  tracheal  gas  insufflation  (TGI)  catheter.  TGI  flow 
direction  can  be  chosen  with  this  catheter,  either  toward  the  lungs  (distal),  toward  the 
mouth  (proximal),  or  in  both  directions.  Expiratory  or  continuous  TGI  can  be  delivered. 
(Figure  courtesy  of  Edgar  Delgado.) 


A  Bidirectional  Catheter 

A  catheter  with  an  H-shaped  tip  was  recently  introduced 
that  also  addresses  the  issue  of  TGI-induced  auto-PEEP 
generation  (Fig.  9).-"  This  catheter  allows  control  of  the 
direction  of  TGI  How.  Flow  can  be  directed  toward  the 
lungs,  in  a  reverse  flow  (cephalad).  or  in  both  directions  at 
once.  Though  the  lung-directed  flow  may  induce  auto- 
PEEP.  the  flow  may  have  the  benefit  of  CO.-clearing  ef- 
fects beyond  the  catheter.  The  reverse-flow  option  has 
been  shown  to  reduce  auto-PEEP  in  a  test  lung  study.-" 


This  catheter  may  allow  a  balancing  of  CO;-elimination 
effect,  local  jet  effects,  and  auto-PEEP  generation. 

Summary 

A  ninubcr  of  catheter/tube  models  have  been  designed 
to  address  the  concerns  of  adding  TGI  flow  to  the  trachea 
of  a  \entilaled  patient.  While  the  role  and  effectiveness  of 
TGI  as  an  adjunct  to  mechanical  ventilation  becomes 
clearer,  to  gain  wider  acceptance  a  TGI  catheter  or  catheter 
system  must  also  be  shown  to  be  safe  and  relali\ely  con- 
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venient  lo  use.  Recent  aihiinees  in  eatheter/tuhe  design 
have  addressed  concerns  regarding  the  sal'eis  and  conve- 
nience of  TGI  delivery. 


REFERENCES 


I. 


Stresemann  E.  Washout  of  anatomical  dead  space:  design  of  a  method 
and  experimental  study  using  an  external  dead  space.  Respiration 
1968;25(4):281-29l. 

2.  Stresemann  E.  Sattler  FP.  Elfect  of  washout  of  anatomical  dead 
space  on  ventilation.  pH  and  blood  gas  composition  in  anesiheti/ed 
dogs.  Respiration  l%y;26(2l:  1 16-121. 

3.  Slrcsemann  E.  Votleri  BA.  Sattler  FP.  Washout  of  anatomical  dead 
space  for  alveolar  hypoventilation:  prchminarv  case  leport.  Respi- 
ration l%9;26(6):42,s-434. 

4.  Bergofsky  EH.  Hurewitz  AN.  Airway  insufflation:  physiologic  ef- 
fects on  acute  and  chronic  gas  exchange  in  humans.  Am  Rev  Respir 
Dis  1989:I40(4):885-890. 

5.  Hurewitz  AN.  Bergofsky  EH,  Vomero  E.  Airway  insufflation:  in- 
creasing flow  rates  progressively  reduce  dead  space  in  respiratory 
failure.  Am  Rev  Respir  Dis  I99I;I44(6):I229-I233. 

ft.  Heimlich  HJ.  Carr  GC.  The  micro-lrach:  a  seven-year  experience 
with  transtracheal  oxygen  therapy.  Chest  19S9;95(5):  1008-1012. 

7.  Christopher  KL,  Spofford  BT.  Brannin  PK,  Petty  TL.  Transtracheal 
oxygen  therapy  for  refractory  hypoxemia.  JAMA  I986:256(4):494- 
497. 

8.  Wal.sh  DA,  Govan  JR.  Long  term  continuous  domiciliary  oxygen 
therapy  by  transtracheal  catheter.  Thorax  I990:45{6):478-48I. 

9.  Stoller  J.  Stelmach  K.  Ahmed  M.  Mehla  A.  Type  and  frequency  of 
complications  of  transtracheal  oxygen  therapy  with  the  SCOOP® 
system  (abstract).  Chest  1987:92(2): I55S. 

10.  Isabey  D.  Boussignac  G,  Harf  A.  Effect  of  air  entrainment  on  airway 
pressure  during  endotracheal  gas  injection.  J  AppI  Physiol  1989: 
67(2):77l-779. 

Miro  MA,  Hoffman  LA.  Tasota  FJ,  Sigler  DW,  Gow.ski  DT,  Lutz  J, 
Zullo  T,  Pinsky  MR.  Tracheal  gas  insufflation  improves  ventilatory 
efficiency  during  methacholine-induced  hronchospasm.  J  Crit  Care 
1997:I2(1):13-2I. 

Imanaka  H,  Kacniarek  RM,  Ritz  R,  Hess  D.  Tracheal  gas  insuffla- 
tion-pressure control  versus  volume  control  ventilation.  Am  J  Respir 
Crit  Care  Med  I99(i;l.s3(3):10l9-I024. 

Nakos  G,  Zakinthinos  S,  Kotanidou  A.  Tsagaris  H.  Roussos  C.  Tra- 
cheal gas  insufflation  reduces  the  tidal  volume  while  P.,co,  is  main- 
tained constant.  Intensive  Care  Med  I994;20(6):407— 113. 

14.  Ravenscraft  SA.  Burke  WC.  Nahum  A,  Adams  AB.  Nakos  G.  Marcy 
TW.  Marini  JJ.  Tracheal  gas  insufflation  augments  CO^  clearance 
during  mechanical  ventilation.  Am  Rev  Respir  Dis  1993:148(2): 
345-351. 

Kolobow  T.  Powers  T.  Mandava  S.  Aprigliano  M.  Kawaguchi  A. 
Tsuno  K.  Mueller  E.  Intratracheal  pulmonary  ventilation  (ITPV): 
control  of  positive  end-expiratory   pressure  at  the  level  of  carina 


II 


13 


15 


through  the  use  of  a  novel  ITPV  catheter  design.  .-Xnesth  Analg 
I994:78(3);45.5-461. 
Ki.  Kirmse  M.  Imanaka  H.  Mang  H.  Hess  D.  Kacmarek  R.  Tracheal  gas 
insufflation:  effects  of  the  direction  of  gas  flow  during  pressure 
control  ventilation  (abstract).  Am  J  Respir  Crit  Care  Med  1996:153(4 
Pt  2):A.^68. 

17.  Kuo  PH.  Wu  HD,  Yu  CJ,  Yang  SC.  Lai  YL.  Yang  PC.  Elflcacy  of 
tracheal  gas  insufflation  in  acute  respiratory  distress  syndroine  with 
permissive  hypercapnia.  Am  J  Respir  Crit  Care  Med  1996:154(3): 
612-616. 

18.  Slutsky  AS.  Menon  .XS.  Catheter  position  and  blood  gases  during 
constant-flow  ventilation.  J  .AppI  Physiol  I9S7:62(2):5I3-5I9. 

19.  Nahum  A.  Shapiro  RS.  Ravenscraft  SA.  Adams  AB.  Marini  JJ. 
Etticacy  ol  expiratory  tracheal  gas  insufflation  in  a  canine  model  of 
lung  injury.  Am  J  Respir  Crit  Care  Med  I995:152(2):489— 195. 

20.  Takahashi  T.  Bugedo  G.  Adams  AB,  Bliss  PL.  Marini  JJ.  Effects  of 
tracheal  gas  exsufflation  on  intrinsic  positive  end-expiratory  pressure 
and  carbon  dioxide  elimination.  Respir  Care  l999;44(8):9l8-924. 

21.  Adams  AB,  Stone  M,  Bliss  P.  Carter  C.  Tracheal  gas  insufflation 
(TGI)  during  late  exhalation  reduces  Pjc-o,  while  sparing  TGI  gas- 
airway  exposure  time  (abstract).  Respir  Care  2(.)(K):45(8):I0I3. 

22.  Blanch  LI.  Van  der  Kloot  T.  Youngblood  M.  Naviera  A.  .Adams  A, 
Shapiro  R.  Nahum  A.  Selective  partial  liquid  ventilation  (PLVl  and 
tracheal  gas  insufflation  (TGI)  improves  lung  function  in  unilateral 
lung  injury  (abstract).  Am  J  Respir  Cnt  Care  Med  1999:159(3): 
A902. 

23.  Danan  C,  Dassieu  G.  Janaud  JC.  Brochard  L.  Efficacy  of  dead-space 
washout  in  mechanically  ventilated  premature  newborns.  Am  J  Re- 
spir Crit  Care  Med  1996:153(5):1571-I576. 

24.  Dassieu  G.  Brochard  L,  Agudze  E,  Patkai  J.  Janaud  JC.  Danan  C. 
Continuous  tracheal  gas  insufflation  enables  a  volume  reduction  strat- 
egy in  hyaline  membrane  disease:  technical  aspects  and  clinical  re- 
sults. Intensive  Care  Med  I998:24(  10):  1076-1082. 

25.  Cereda  MF,  Sparacino  ME.  Frank  AR.  Trawoger  R.  Kolobow  T. 
Efficacy  of  tracheal  gas  insufflation  in  spontaneously  breathing  sheep 
with  lung  injury.  Am  J  Respir  Cnt  Care  Med  1999:159(31:845-850. 

26.  Trawoger  R.  Kolobow  T,  Cereda  M,  Giacomini  M.  Usuki  J,  Horiba 
K,  Ferrans  VJ.  Clearance  of  mucus  from  endotracheal  tubes  during 
intratracheal  pulmonary  ventilation.  Anesthesiology  1997:86(6): 
1367-1374. 

27.  Imanaka  H.  Kirmse  M.  Mang  H.  Hess  D.  Kacniarek  RM.  Expiratory 
phase  tracheal  gas  insufflation  and  pressure  control  in  sheep  with 
permissive  hypercapnia.  Am  J  Respir  Crit  Care  Med  1999:159ili: 
49-54. 

28.  Kirm.se  M,  Fujino  Y,  Hromi  J.  Mang  H.  Hess  D,  Kacmarek  RM. 
Pressure-release  tracheal  gas  insufflation  reduces  airway  pressures  in 
lung-injured  sheep  maintaining  eucapnia.  .Am  J  Respir  Crit  Care 
Med  1999:160(5  Pt  1 1:1462-1467. 

29.  Delgado  E,  Hete  B.  Miro  AM.  Hoffman  LA,  Tasota  FJ.  Pinsky  MR. 
Continuous  bi-directional  tracheal  gas  insufflation  (bi-TGI)  elimi- 
nates TGI  induced  auto-PEEP  and  maintains  CO.  elimination  effi- 
ciency (abstract).  Am  J  Respir  Cnt  Care  Med  2(KX);I6I(3):A388. 


184 


Respiratory  Care  •  February  2001  Vol  46  No  2 


Monitoring  and  Huniiclification  dining  Traclical  Gas  Insufflation 

Edgar  Dclgadi)  RRT.  Leslie  A  HolTman  RN  PhD.  F-ivdciick  J  Tasota  RN  MSN. 

and  Michael  R  Piiisky  MD 


iMlrixliu'tioi) 
.Monitoring 

lidal  \  oluiiu- 

I'cak  lns|)irat<try  I'rt'ssiirc 

Iiiti'lnsic  I'ositiM'  luul-Kxpiralorv  I'rt'ssure 

Carbon  Dioxide  Elimination  I'.fnticnc) 
Hiiniiditlcalion 
Sumniar\ 


In  ordtT  to  use  tracheal  fjas  insuination  (TCI)  in  a  safe  and  ifft'ttive  manner,  it  is  important  to 
understand  potential  interactions  between  Ka  and  the  mechanical  ventilator  that  ma\  impact  upon 
gas  delivery  and  carbon  dioxide  (CO,)  elimination.  Kurtherinore.  potentially  serious  complications 
secondary  to  insufflation  of  cool,  dry  };as  directly  into  the  airway  and  the  possibility  of  tube 
occlusion  must  be  considered  during  use  of  this  adjunct  modality  to  mechanical  ventilation.  Re- 
gardless of  the  delivery  modality  (continuous  T(a,  expiratory  T(a,  reverse  T(a,  or  bidirectional 
T(a).  conventional  respiratory  monitoring  is  required.  However.  T(a  with  mechanical  ventilation 
can  alter  tidal  volume  and  peak  inspiratory  pressure  and  can  lead  to  the  development  of  intrinsic 
positive  end-expiratory  pressure.  Therefore,  depending  on  the  gas  delivery  technique  used,  it  is 
inqjortant  to  carefully  monitor  these  ventilatory  parameters  for  T(a-induced  changes  and  under- 
stand the  potential  need  for  adjustments  to  ventilator  settings  to  facilitate  therapy  and  avoid 
problems.  Optimally,  gas  insufflated  by  tlie  T(a  catheter  should  lie  conditioned  by  addition  of  heat 
and  humidity  to  prevent  mucus  plug  formation  and  potential  damage  to  the  tracheal  mucosa. 
Finally,  patients  must  be  closely  monitored  for  increases  in  peak  inspiratory  pressure  from  ob- 
structicm  of  the  tracheal  tube  and  should  have  the  Ka  catheter  removed  and  inspected  every  8-12 
hours  to  assess  for  plugs. 

Key  words:  inulwal  i^cis  iusiiljlcitioii.  inonitorifii^.  liHiiiiclifhaiioii.  nuiciis  plm;.  IRcspir  Care  2001:46(2): 
185-192] 


Introduction 

The  process  of  iiisutTlaimg  I'rcsh  gas  diivclls   iiiio  the 
trachea  to  augnient  gas  exchange  has  been  Litih/eJ   for 


more  than  1 5  years,  in  spontaneously  breathing  patients,  as 
transtracheal  oxygen  delivery.'  ^  More  recently  this  ad- 
junctive technique  has  been  used  in  eonjunction  vv ith  vol- 

LiiiK'-eonlrolled  or  pressure-conlrollcii  ventilation  and  is 


tidgar  Dclgado  RRT  is  atTjlialL-d  vviih  tlie  Department  of  Respiratory 
Care,  Leslie  A  HofI'maii  RN  PhD  and  Frederick  J  Tasota  RN  MSN  are 
affiliated  with  the  Departnieni  of  Aculc/Tertiary  Care  and  the  Scliool  of 
Niirsinj;.  and  Michael  R  Pinsky  MD  is  alTihaled  with  the  Department  of 
Anesthesiology  and  Critical  Care  Medicine.  University  of  Pittsburgh  Med- 
ical Center.  Pittstiurgh.  Pennsylvania. 

A  version  of  ihiN  report  was  given  hy  Mr  Delgado  at  the  special  confer- 


ence. Tracheal  Gas  Insufflation:  Current  Status  and  Future  PR>specls. 
presented  tiy  the  American  RespiraKiry  Care  Foundation.  .August  1'). 
200(1.  Ml  Dallas,  Texas. 

Correspondence:  Fdgar  Delgado  RRT.  Respiratory  Care  Depanmenl. 
University  of  Pittsburgh  Medical  Center.  2(X)  Lothrop  Street.  Pittsburgh 
PA  15213.  E-mail:  delgadoeO'msx. upmc.edu. 


Rfspiratory  Cari:  •  Fbbri'ary  2001  Voi  46  No  2 


185 


MONITORINC.  AND  Hi  MIDII  IC ATION  DURINCi  TkaCHLAL  GaS  INSUFFLATION 


referred  to  as  tracheal  gas  inMiftlaiiDn  (TGl).'^  --  The  ma- 
jor effect  of  TGI  is  to  enhance  gas  excliange  efficiency  by 
removal  of  carbon  dioxide  (CO,)  from  ihe  anatomic  dead 
space.^-'  When  used  in  conjunction  with  mechanical  ven- 
tilation, TGI  may  alter  other  parameters  that  affect  CO, 
elimination,  such  as  tidal  volume  (V, )  and  peak  inspira- 
tory pressure  (PIP),  and  can  lead  to  Ihe  development 
of  intrinsic  positive  end-e\piralory  pressure  (auto- 
PEEP).^""''^  '■'•M-24  A  thorough  understanding  of  inter- 
actions between  TGI  and  these  ventilatory  parameters  is 
critical  to  utilizing  TGI  in  a  safe,  effective,  and  efficient 
manner.  It  is  equally  important  to  understand  how  to  monitor 
for  adverse  effects  that  may  result  from  these  interactions. 
To  avoid  potential  complications  caused  by  insufflation  of 
cool,  dry  gas  directly  into  the  airway,  humidilicalion  must 
also  be  considered  when  applying  TGI  clinically.-'--"  This 
article  reviews  issues  related  to  monitoring  and  humidifi- 
cation  when  using  TGI  and  suggests  possible  methods  to 
minimize  and/or  prexent  adverse  effects  when  using  this 
adjuncti%'e  therapy. 

Monitoring 

The  statement  "appearances  can  be  deceiving"  is  very 
applicable  to  the  subject  of  monitoring  during  use  of  TGI. 
Based  on  early  descriptions.  TGI  appeared  to  be  a  rela- 
tively simple  therapy.  However,  complexities  involved  in 
its  use  became  evident  as  utilization  of  this  therapy  in- 
creased. Authors  have  described  a  variety  of  interactions 
between  TGI  and  mechanical  ventilation  that  influence 
Vj.  minute  ventilation  (Vg),  airway  pressure,  and/or  total 
PEEP  (ventilator  set  PEEP  +  auto-PEEP).''-i3.2o-23  xhe.se 
interactions  necessitate  specific  adjustments  and  patient/ 
ventilator  monitoring  (Table  I ). 

Tidal  Volume 

Numerous  studies  ha\'e  shown  thai  continuous  TGI 
(c-TGI)  causes  an  increase  in  inspired  V^  when  used  in 
conjunction  with  mechanical  ventilation.'^-"  -'-""  This  phe- 
nomenon is  addressed  in  various  ways,  depending  on  the 
ventilatory  mode  and  TGI  delivery  method. 

During  volume-controlled  ventilation,  the  total  Vj  de- 
livered is  equivalent  to  the  ventilator  set  V^  plus  the  Vj 
generated  b\  the  TGI  catheter.  That  is:  Vy,,,,,,  =  V^^.^^,  -I- 

The  additional  \  olume  delivered  by  the  catheter  can  be 
determined  b>  calculating  the  amount  of  TGI-generated 
V^  and  subtracting  this  value  from  the  \entilator-set  V-,. 
With  this  adjustment  a  consistent  V,  is  delivered  to  the 
patient  prior  to  and  following  initiation  of  TGI.  For  ex- 
ample, consider  a  patient  on  assist-control  ventilation  with 
a  set  Wj  of  700  mL,  respiratory  rate  of  15  breaths  per 


minute,  and  inspiratory  time  (T,!  of  \.5  seconds.  If  TGI  is 
iiiilialed  at  6  L/min.  Ihe  V,  derived  from  TCJI  is  calculated 
as  follows: 


V, 


(Vt,..,  L/minl(T,)(l  min/W)  • 


.000  mL/L) 


130  ml. 


where  Vyc,  =  TGI  flow  in  L/min.  T,  =  inspiratory  time  in 
seconds,  the  calculaiion  I  inin/60  s  converts  from  seconds 
to  minutes,  and  the  calculation  1.000  mL/L  converts  from 
liters  to  milliliters. 

The  TGI-derived  V^-  (150  mL)  is  then  subtracted  from 
the  ventilator  set  Vj  to  obtain  the  adjusted  ventilator  V, 
selling.  Thus,  in  this  example: 


550  mL(adjusted  V^) 

=  700  mL  (set  V^) 


I.S()mL(VTTGi) 


This  Vy  adjustment  prevents  an  increase  in  Ihe  total  de- 
livered Vj  during  TGI. 

During  pressure-controlled  ventilation  (PCV)  and  c-TGI, 
the  ventilator  and  catheter  function  together  to  deliver  gas 
over  the  preset  T,.  As  the  catheter  delivers  gas,  ventilator 
flow  decreases  because  the  catheter's  added  gas  contrib- 
utes to  achieving  the  set  inspiratory  pressure.-  Under  cer- 
tain conditions  (eg,  c-TGI  flows  >  10  L/min,  long  T,,  low- 
resistance),  set  inspiratory  pressure  may  be  reached  before 
the  end  of  inspiration.  Accordingly,  flow  from  the  venti- 
lator ceases  and  the  expiratory  valve  remains  closed  until 
the  end  of  inspiration.  However,  the  catheter  continues  to 
deliver  gas  into  the  lung,  resulting  in  an  increase  in  deliv- 
ered W-j-.  This  problem  can  be  easily  corrected  by  inserting 
a  pressure  relief  valve  (Bird,  #04230.  Bird  Products.  Palm 
Springs.  California)  into  the  ventilator  circuit,  allowing 
TGI  flow  (excess  volume)  to  be  vented  into  the  atmo- 
sphere (Fig.  l).-""  If  set  inspiratory  pressure  is  changed, 
adjustments  must  be  made  to  the  pressure  relief  valve. 
Delgado  et  al  recently  tested  a  prototype  flow  relief  valve 
(Respironics.  Murrysville,  Pennsylvania)  that  removes  gas 
from  the  circuit  at  a  .set  How  (eg.  10  L/min  I  (Fig.  2).'"  Use 
of  this  valve  may  simplify  monitoring  during  TGI  admin- 
istration because  it  eliminates  the  need  to  use  a  pressure 
relief  valve  and  make  adjustments  to  the  pressure  relief 
valve  if  set  inspiratory  pressure  is  changed. 

Use  of  expiratory  TGI  (e-TGI)  during  \olume-control 
\enlilation  prevents  the  delivery  of  additional  inspired  V, 
because  gas  flow  is  only  activated  during  expiration.  How- 
ever, during  PCV,  the  volume  of  gas  delivered  to  the  air- 
way depends  on  the  pressure  gradient  between  peak  in- 
trapulmonary  pressure  and  end-expiratory  lung  pressure.  If 
this  pressure  gradient  decreases  because  of  the  develop- 
ment of  auto-PEEP,  the  Vj  delivered  to  the  patient  will 
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r.ilMc  I        Monitoring  iind  Vcnlilalor  Adjustmcnls  ilurini;  Truchcal  Gas  Insul'llation 


Variable 


Venlilalory         TGI  Delivery 
Mode  Mode 


Action 


I'idal  vdliimc 


vcv 


Conlinuous  Reduce  inspired  Vp  to  compcnsaie  for  TGI  flnw  durins-'  inspiration  (see  text  for  calculation) 

or  insert  a  llow-relicf  vaKe 
Expiratory  No  iniidirn.alion  required 

Reverse  Reduce  inspired  V,  to  compensate  lor  IGI  How  during  inspiration  (see  text  for  calculation) 

or  insert  a  llow-relicl  valve 
Bidirccliunal  No  modiricalion  required  il  novs-relief  valve  is  used 

Conlinuous  Insert  pressure  or  now-relief  valve 

Expiratory  May  need  to  increase  set  inspiratory  pressure  to  maintain  Vp 

Reverse  May  need  to  increase  set  Inspiratory  pressure  to  maintain  Vj 

Bidirectional  No  niodlUcalion  required  it  now-reller  valve  is  used 

Continuous  Reduce  ventilator  PEEP  il  PIP  increases.  Clinically,  a  5  cm  H/)  reduction  in  set  PEEP  is 

typically  required  @  TGI  Hows  ol  10  l./min 
Expiratory  Same  as  with  continuous 

Reverse  An  increase  in  ventilator  PEEP  may  he  ncccssarv  il  NEEP  is  generated  or  total  PEEP  is 

decreased 
BIdlreclioiuil  No  adjustment  necessary 

Conlinuous  Same  as  v.nh  VCV 

Expiratory  Same  as  with  VCV 

Reverse  Same  as  sMih  VCV 

Bidirectional  No  adiuslmenl  necessary 

IGl  =  irjiheal  gas  msufflalion.  VCV  =  volume-control  vcnlilauon,  V,  =  udal  volume   PCV  =  pressure-conlrol  vcnlilalion.  aulo-PEEP  =  inlriiiMC  posilivc  cnd-cxpiralor>  pressure.  PIP  =  peak 
inspiralor>  pressure  NEIiP  =  negative  end-expiralor>'  pressure. 


Airwav  Pressure 


Auto-PEEP 


PCV 


VCV 


Auto-PEEP 


PCV 


decrease.---^  To  maintain  a  constant  Vy  it  is  therefore 
necessary  to  increase  set  inspiratory  pressure  by  an  atnouni 
equivalent  to  the  aiiiotini  ol  aiUo-PEEP  generated,  or  de- 
crease set  PEEP  by  the  amotmt  of  aulo-PEEP  generated. 
With  ie\erse  TGI  (r-TGI),  oilier  nn)niloring  issues  may 
arise.  Several  studies  have  examined  interactions  between 
volume  and  pressure  when  using  r-TGI  alone  and  in  com- 
bination with  e-TGI.'^"'-"'  In  those  sltidies,  r-TGI  pro- 
duced ec|ui\aient  PEEP,  compared  with  conscntioiial  ven- 
tilation at  low  Hows,  but  negative  end-expirattiry  presstiiv 
was  generated  when  V(.  was  increased  (double  or  tripled) 
for  10-20  seconds.'*  Decreases  in  toial-PEEP  were  also 
generated  when  r-TGI  was  delivered  only  during  expira- 
tion at  10  L/miii.  subsequently  reducing  lung  volume.'' 
The.se  observations  are  important  when  monitoring  pa- 
tients receiving  TGI.  because  the  V ,  delivered  during  PCV 
depends  on  the  pressure  gradient  between  peak  mtrapul- 
iiionary  pressure  and  end-expirator\  lung  pressure. 

Peak  Inspiratory  Pressure 

Typically.  PIP  and  V,  exhibit  a  direct  relationship  when 
compliance  and  resistance  are  unchanged.  As  V,  is  in- 
creased. PIP  increases.  Conversely,  as  V,  is  decrea.sed. 
PIP  decreases.  Therelbre.  the  changes  in  PIP  that  occur 
v\hen  using  a  ventilator  mode  in  conjunction  with  a  spe- 


cific TGI  delivery  method  will  be  directly  related  to  those 
observed  in  Vj 

Intrinsic  Positive  End-Kxpiratory  Pressure 

Though  there  is  controversy  regiirding  the  impact  of  dif- 
ferent TGI  deliverv  methods  on  increases  in  total  PEEP,  there 
IS  cimscnsus  that  TGI  tilten  creates  auto-PEEP.' ''■'"•'--i-'-''-^-* 
Miro  et  al-"  proposed  a  theoretical  framework  to  depict  the 
interactions  between  TGI  and  ventilator  mode.  V,.  and  PIP 
that  result  in  the  de\ek)pment  of  auto-PEEP  (Fig.  }).  During 
voluiTte-controlled  ventilation,  when  ventilator  PEEP  is  left 
constant.  V,  remains  constant,  but  there  is  an  increa.se  in 
end-expiratory  pressure  and.  therefore,  peak  airway  pressure 
because  of  TGI-induced  auto-PEEP.  During  PCV.  when  ven- 
tilator PEEP  and  peak  airway  pressure  ;tre  kept  the  satrte  as 
baseline,  V,  excursions  (and  hence  V,.)  are  reduced  because 
of  TGI-induced  auto-PEEP.  When  ventilator  PEEP  is  redticed 
by  an  amount  equivalent  to  TGI-induced  auto-PEEP.  \'j. 
peak  airway  pressure,  and  total  PEIiP  remain  the  same  as 
ba.seline  eluring  PCV.  This  conceptual  framework  demon- 
strates the  impact  of  TGI  on  these  venlilalory  parameters,  and 
the  importance  of  monitoring  for  the  development  ot  auto- 
PEEP  during  TGI  administration. 

•Several  mechanisms  may  contribute  to  an  increase  in 
auto-PEEP  when  usim;  TGI.  The  TGI  catheter  decreases 
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0  2  6  10 

Catheter  Flow  Rate  (L/min) 

Fig.  1 .  Effects  of  catheter  flow  rate  with  (circles)  and  without  (tri- 
angles) the  pressure  relief  valve  on  (A)  peak  airway  pressure  (PpeaJ 
and  (B)  total  Inspiratory  tidal  volume  (Vj).  Independent  variables 
were  constant  at  airway  resistance  =  20  cm  HoO/Lys,  lung  com- 
pliance =  0,01  LVcm  H^O,  ventilator  frequency  =  10  breaths/mm, 
and  ratio  of  inspiratory  time  to  total  breathing-cycle  time  =  0.33. 
The  horizontal  dotted  line  at  35  cm  HjO  represents  the  set  inspira- 
tory pressure  (Pset)-  (From  Reference  23,  with  permission.) 


airway  cross-sectional  area  and  thereby  increases  expira- 
tory resistance.  The  magnitude  of  this  change  is  propor- 
tional to  the  outer  diameter  of  the  catheter.  From  this 
perspective,  the  "optimal"  TGI  catheter  would  have  a  small 
outer  diameter  or  be  incorporated  into  the  endotracheal 
tube  in  a  manner  that  does  not  reduce  the  inner  diameter  of 
the  tube.  Several  studies  have  tested  the  efficacy  of  TGI 
delivered  through  a  double-lumen  endotracheal  tube'^  '^  or 
an  endotracheal  tube  that  incorporates  fine  capillaries 
molded  into  the  lumen. '^  No  problems  were  noted  with 
use  of  these  tubes.  However,  a  major  disadvantage  is  the 
need  to  use  a  special  endotracheal  tube  in  all  patients  who 
might  need  this  thcrap)  or  the  need  to  replace  a  conven- 
tional tube  with  a  special  tube  in  a  compromised  patient. 
A  second  factor  that  can  increase  auto-PEEP  is  the 
amount  of  time  dedicated  to  expiration.  The  expiratory 
phase  is  particularly  critical  during  TGI  administration. 
Expiratory  time  is  inverselv  proportional  to  the  amount  of 
total  PEEP  generated,  regardless  of  the  method  used  ui 
deliver  TGI. -'-^  Also,  the  majority  of  COi  washout  during 
TGI  occurs  during  expiration.'"  Therefore,  it  is  important 
to  consider  the  impact  of  the  inspiratory-expiratory  ratio 
on  the  development  of  auto-PEEP. 


A  third  factor  to  be  considered  is  catheter  configuration. 
.Stagnation  pressure  (back  pressure)  can  develop  as  for- 
ward flow  from  a  straight-tip  TGI  catheter  meets  the  op- 
posing gas  flow  exiting  the  lung.^  Early  studies  postulated 
that  the  increase  in  back  pressure  (and.  thus.  auto-PEEP) 
was  greater  during  c-TGl  than  during  e-TGl  because  c-TGl 
delivers  gas  throughout  the  respiratory  cycle.'"-'  How- 
ever, we  have  found  that  when  V,  is  maintained  constant. 
c-TGl  and  e-TGl  produce  equivalent  levels  of  total  PEEP 
when  delivered  with  a  straight-tip  catheter.--* 

Alternatively,  TGI  can  be  delivered  with  a  reverse  tip 
(reverse  thrust)  catheter  or  a  catheter  that  delivers  bidirec- 
tional flow  (bi-TGI).  With  bi-TGI.  gas  is  delivered  into  the 
airway  simultaneously  in  forward  and  reverse  directions. 
Of  approaches  evaluated  to  date,  r-TGI  and  bi-TGI  appear 
to  be  the  most  effective  in  preventing  increased  total  PEEP 
during  TGI  administration.'-'"'-"*  Delgado  et  al  postulate 
that  simullancous  insufflation  of  gas  in  opposite  directions 
might  reduce  or  eliminate  the  back  pressure  that  produces 
auto-PEEP.'"  Four  catheter  configurations  were  studied  in 
an  artificial  lung  model  during  PCV  under  constant  minute 
ventilation  conditions  (Fig.  4).  During  bi-TGI  and  r-TGI. 
levels  of  total  PEEP  were  lower  during  PCV  than  during 
c-TGl  and  e-TGI,  at  each  of  the  3  inspiratory-expiratory 
ratios  studied  (1:1.  1:2,  2:1).  and  CO2  elimination  effi- 
ciency was  comparable.  If  supported  in  animal  and  human 
studies,  these  findings  suggest  an  important  advantage  of 
r-TGI  and  bi-TGI  over  c-TGI  and  e-TGI  delivered  in  a 
forward  flow  direction. 

Monitoring  auto-PEEP  can  be  quite  challenging.  The 
end-expiratory  occlusion  method  cannot  be  used  during 
any  TGI  technique  that  continues  to  deliver  gas  into  the 
lungs,  becau.se  a  static  end-expiratory  pressure  cannot  be 
achieved.-''  The  use  of  respiratory  inductive  plethysmog- 
raphy also  presents  difficulties  because  substantial  base- 
line drifi  occurs  over  time."-"  In  addition,  respiratory  in- 
ductive plethysmography  is  not  widely  available.  We  have 
found  that  a  5  cm  H-,0  reduction  in  extrinsic  (ventilator 
set)  PEEP  is  typically  required  to  keep  total  PEEP  constant 
during  c-TGl  at  10  L/min. 

Carbon  Dioxide  Elimination  Kfficiency 

The  efficiency  of  TGI  is  best  measured  by  monitoring 
arterial  carbon  dioxide  tension  (Paco,)-  However,  this  mea- 
surement is  invasive  and  episodic  and  there  are  few  data  to 
provide  guidelines  about  optimal  times  to  measure  P^.c-o, 
following  initiation  of  TGI.  lloffinan  et  al'"  reported  no 
difference  in  P,,co,  measured  at  30  minutes  and  60  minutes 
alter  initiation  of  TGI  in  8  acute  respiratory  distress  syn- 
drome patients.  They  therefore  concluded  that  effective- 
ness of  TGI  was  evident  within  30  minutes,  suggesting 
that  the  efficacy  of  this  intervention  could  be  rapidly  de- 
termined. 
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Fig.  2.  Insertion  of  a  prototype  flow  relief  valve  into  the  ventilator  circuit  maintains 
consistent  venting  of  10  LVmin  gas  flow  and  provides  consistent  delivered  volume  during 
continuous  tracheal  gas  insufflation  under  varying  inspiratory  pressures. 


Peak 

Inspiraton 

Pressure 


End- 

Expiratorv 

Pressure 


TGI  =  10  L/min 


Fig.  3.  Theoretical  framework  that  illustrates  interactions  between  tracheal  gas  insufflation  (TGI),  ventilator  mode,  minute  ventilation  (tidal 
volume),  and  intrinsic  positive  end-expiratory  pressure  (auto-PEEP).  During  volume-controlled  ventilation,  when  ventilator  PEEP  (height  of 
clear  areas  labeled  PEEP^^n,)  is  left  constant,  tidal  volume  (height  of  black  bars)  remains  constant,  but  there  is  an  increase  in  end-expiratory 
pressure  and.  therefore,  peak  airway  pressure,  because  of  TGI-induced  auto-PEEP  (height  of  cross-hatched  areas).  During  pressure- 
controlled  ventilation,  when  PEEP„eni  and  peak  airway  pressure  are  kept  the  same  as  baseline,  tidal  volume  excursions  (and.  thus,  minute 
ventilation)  are  reduced  because  of  TGI-induced  auto-PEEP.  When  PEEP„g„,  is  reduced  by  an  amount  equivalent  to  TGI-induced  auto- 
PEEP.  tidal  volume,  peak  airway  pressure,  and  total  PEEP  remain  the  same  as  baseline  duhng  pressure-control  ventilation.  (Adapted  From 
Reference  20.  with  permission.) 


Two  studies  evaluated  the  use  of  monitoring  end-tidal 
carbon  dioxide  tension  (P|:tc(j,)'  obtained  b\  capnt)gra- 
phy,  as  a  semiquantitative  indicator  of  TGI  elTiciency.'-'- 
In  8  patients  with  acute  respiratory  failure.  Kavenscraft  et 
al''  found  a  moderate  (r  =  0.68)  correlation  between  the 
percentage  reduction  in  P,,eo,  C^^PaCo.)  ''■*•  *'  tunclioii 
of  the  percentage  reduction  in  Prtco,  (^-^Pkk  o  '  ''"'" 
the  baseline  value  (Fig.  5).   Kuo  et  al'-  compared  the 


'^f  AP,( ,,  and  r^APii^^ ,,,  'rom  baseline  \alucs  in  20  adults 
with  acute  respiratory  distress  syndrome.  The  'rAP,  rro, 
correlated  significantly  (r  =  0.75:  p  <  O.OOl  i  with  the 
9(-AP^f-Q_  (Fig.  6).^  Both  authors  concluded  that,  although 
PpTco  '^^  ''  poor  estimate  oi  P,ti,.  '"  patients  with  respi- 
ratory I'ailiiiv.  these  data  inay  justify  use  of  Petco,  ^^  ^ 
monitor  of  trends  regarding  changes  in  CO,  elimination 
efficiencN  durnii;  TGI. 
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Fig.  4.  Prototype  H-shaped-tip  catheter  configurations  and  flow  patterns  with  different  tracheal  gas 
delivery  modes. 
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Fig.  5.  Percentage  reduction  of  arterial  carbon  dioxide  tension 
(%AP3co2)  from  baseline  as  a  function  of  the  reduction  in  the 
end-tidal  carbon  dioxide  tension  (Percoj)  'rom  the  baseline  value 
(PETcojoasJ  "^  ^  patients  suffering  acute  respiratory  failure  and  re- 
ceiving tracheal  gas  insufflation.  As  the  difference  between  Petco, 
and  PErco,Base  increased,  P^co,  decreased.  (From  Reference  9, 
with  permission.) 
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Fig.  6.  Relationship  between  percent  reduction  of  arterial  carbon 
dioxide  tension  (%APaco,)  and  percent  reduction  in  end-tidal  car- 
bon dioxide  tension  (%APprco  )  '''om  baseline  values  in  20  pa- 
tients suffering  from  acute  respiratory  distress  syndrome  and  re- 
ceiving tracheal  gas  insufflation.  (From  Reference  12,  with 
permission.) 


Huniidiflcation 

Humidification  during  TGI  is  an  impcirtant  issue  thai 
has  lecencd  little  study.  The  data  available  are  mainl) 
derived  from  studies  investigating  long-term  u.se  of  tran- 


stracheal o.xygcn  delivery  in  spontaneously  breathing  pa- 
tients, whereas  most  TGI  studies  ha\c  been  conducted  in 
patients  on  full  ventilatory  support. 

The  respiratory  tract  performs  a  role  in  a  variety  of 
functions,  including  ventilation,  gas  conditioning,  produc- 
tion and  inaclivation  of  bioactive  substances,  filtering. 
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Nnn.'ll.  commiiiiK'ation,  iiuii.(n.ili,ii\  ti;iiispiiit.  ;iiul  siirtac- 
laiil  |ii(iiluctiiiii.  ■ ''^  When  a  palK-iil  is  ciHloliachcally  in- 
Uihali."d.  somi.'  ol  llicsc  I'linclions  aiv  iiucriiiincd  nr  by- 
passed, whereas  oihers  imeliidmi;  ihe  mietzrily  ol 
sceielions)  are  alTeeled  b\  ihe  lemperaliiie  and  hiiiniililN 
(illhe  inspired  gas.  In  a  prehniinars  repml.  Shapiro  el  al"'' 
t'ound  ihal  TCil  significanlly  eooleil  ihe  eeniral  airway.s 
and  tlial  (he  eomiilioned  gas  deii\ered  b\  ihe  \enlilalor 
cannol  compensate  lor  this  elleel  liirliier.  patients  who 
rei|uire  meehanieal  \entdation  are  more  likeK  than  sjion- 
laneousiv  breathing  patients  to  be  more  susceptible  to  hav- 
ing more  secretions  and  more  susceplihJe  to  the  elTects  of 
Jet.s  of  ga.s  striking  the  tiacheal  wali.-^ 

In  air\\a\  mucosa  there  are  basically  .^  heat  and  niois- 
tiiie  paths,  ihe  heat  and  moisture  gi\ en  oil  during  inspi- 
ration, the  recovered  heat  and  moisture  tluring  exhalation, 
and  the  heat  and  moisture  obtained  trom  systemic  re- 
ser\es."  Thererore.  it  is  logical  to  assume  that  the  airways 
may  be  exposed  to  adverse  effects  if  the  inspiratory  gas 
ileli\ered  b>  the  \entilator  and  TGI  system  is  not  condi- 
tioned. Fletcher  el  al'-  reported  the  development  of  an 
endotracheal  mass  (mucus  plug  1.8  X  2.5  cm)  after  9  days 
of  transtracheal  oxygen  delivery  at  ?i  L/min.  In  a  report  by 
Burton  et  al"  a  .S()-year-old  man  with  chronic  obstructive 
pulmonary  disease  and  pulmonary  fibrosis  developed  se- 
\  ere  dyspnea  and  subsequently  expired  after  approximately 
1.^  days  of  transtracheal  oxygen  delivery  with  a  How  of  3 
L/niin.  The  autopsy  report  revealed  a  mucus  plug  obstruct- 
ing the  patient's  trachea.  Hoffman  et  aP  studied  40  pa- 
tients receiving  long-term  transtracheal  oxygen  delivery 
and  reported  formation  of  mucus  balls  on  the  tip  of  the 
catheter  in  25'"r  during  the  time  the  tract  is  immature  and 
the  catheter  is  cleaned  in  place.  A  retrospective  study  of  5b 
patients  using  transtracheal  oxygen  catheters  from  2  days 
to  more  than  6  years  found  a  mucus  plug  prevalence  rate 
of  .^891.'-' 

Most  tracheal  gas  insufflation  studies  completed  on  hu- 
mans and  animals  have  been  short-term  and  either  do  not 
report  v\hether  the  TGI  gas  was  heated  .ind  humidified  or 
report  that  a  nonheated,  dry  gas  was  used.  When  a  heated 
and  humidified  system  was  usei.1  to  condition  the  gas  dur- 
ing intratracheal  pulmonary  ventilation.  Kolobow  et  al"' 
reported  no  damage  to  the  tracheal  mucosa  and  no  encrus- 
tation. Danan  et  al'^  reported  using  humidified  and  warmed 
TGI  in  •■)  premature  newborns  for  up  to  ,^1  days  (mean 
17  d).  The  tracheas  of  .^  newborns  who  died  were  exam- 
ineil  and  found  normal.  No  problems  due  to  mucus  plug 
lormation  were  reported  in  any  subjects.  In  that  study,  the 
humidified  and  warmed  (Fisher  and  Paykel  MR600,  Auck- 
land. New  Zealand)  gas  was  derived  from  the  inspiratory 
line  of  a  conventional  ventilator  circuit  and  forced  into  the 
TGI  capillaries  of  an  endotracheal  tube  using  a  membrane 
pump  (1 10  cm  H,()i  at  a  rale  of  0.5  L/min.  Kuo  et  al'- 
reported  using  humidified,  nonheated  TGI  gas  with  a 


siiaight-tip  catheter  contiiuioiisK  toi  up  to  72  hours  m  12 
patients  TGI  was  iliscontinued  m  2  palienis  because  of 
intratracheal  catheter  obstruction,  vvhich  occurred  after  58 
and  67  hours,  respectively.  Both  events  were  delected  im- 
mediately (by  the  whistling  sounds  emitting  from  the  pres- 
sure release  \al\e  on  the  humidifiers  i  and  caused  no  prob- 
lems. When  removed,  both  catheter  tips  were  obstructed 
by  inspissated  mucus  plugs.  Nine  patients  conipletetl  up  to 
72  hours  of  TGI.  Flight  had  no  change  in  the  tracheobron- 
chial mucosa,  and  one  hail  focal  mucosal  erythema  adja- 
cent to  the  carina  on  bronchoscopic  examination. 

To  date,  there  have  been  no  reports  of  airway  occlusion 
secondary  to  mucus  plugging  during  TGI.  Nevertheless,  ii 
is  important  to  monitor  for  this  complication  and  institute 
preventive  measures.  If  the  expiratory  circuit  of  the  ven- 
tilator becomes  occluded,  the  TGI  catheter  could  deliver  a 
large  volume  of  gas.  potentiallv  resulting  in  serious  baro- 
trauma and  hemodynamic  compromise.''  A  reliable  mech- 
anism to  detect  an  increase  in  pressure  and  stop  T(il  How 
needs  to  be  developed  to  enable  safe  long-term  prov ision 
of  TGI.''-''-''  Until  such  mechanisms  are  commercially 
available,  using  prophylactic  measures  to  avoid  problems 
is  important.  These  include  monitoring  for  increases  in  PIP 
due  to  possible  mucus  plugging  and  removal  of  the  TGI 
catheter  every  8-12  hours  to  assess  for  plugs.  One  differ- 
ence between  the  gas  citnditioning  techniques  described 
by  Kolobow  et  al'"  and  Danan  et  al"  and  that  described  by 
Kuo  et  al'"  was  that  the  latter  study  did  not  heat  the  in- 
spired gas.  This  observation  suggests  that  additional  atten- 
tion needs  to  be  given  to  developing  a  mechanism  to  heat 
and  humidify  TGI  gas  delivered  in  all  systems. 

Summary 

The  use  of  TGI  as  an  adjunct  to  mechanical  ventilation 
in  the  intensive  care  unit  environment  requires  conven- 
tional monitoring,  regardless  of  the  TGI  system  used.  In 
addition,  monitoring  of  changes  in  V,.  PIP.  and  P,( ,,  are 
necessary.  Monitoring  for  the  development  of  auto-PHHP 
is  also  indicated.  Optimally,  gas  insufflated  bv  the  TGI 
catheter  shi>uld  also  be  conditioned  by  addition  of  heat  and 
humidity  to  prevent  mucus  plug  formation  and  damage  to 
the  tracheal  mucosa.  Finally,  patients  should  be  monitored 
for  increases  in  PIP  due  to  mucus  plugging,  and  the  TGI 
catheter  should  be  removed  ev er\  S  1  2  hours  to  assess  for 
plugs. 
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Medication  delivery  into  the  luiiss  can  be  used  to  provide  a  hi>;li  therapeutic  index  for  agents 
targeted  to  specitlc  lunj;  diseases.  In  addition,  the  hinj;  can  he  used  as  a  portal  ol  entry  lor  other 
agents  targeted  to  systemic  diseases.  Delivery  ol  medications  into  the  lunj;  can  he  accomplished  by 
either  instillation  or  aerosoli/ation.  Instillation  approaches  are  limited  by  the  lluid  \ohime  that  can 
be  given  safely,  and  instilled  liquids  distribute  according  to  gra>ity.  In  contrast,  aerosoli/ation 
approaches  can  deliver  larger  M)lumes  o\er  longer  periods  and  aerosols  distribute  according  to 
\entilation.  In  the  mechanically  ventilated  patient,  externally  generated  aerosols  have  very  poor 
lung  delivery  because  the  endotracheal  tube  functions  as  a  barrier  to  aerosol  passage,  \o\el  aerosol 
generating  systems  at  the  ends  of  small-diameter  catheters  that  can  be  placed  into  the  trachea  (or 
beyond  I  are  being  developed  to  address  this.  In  vitro  testing  has  sho\^n  these  systems  to  be  capable 
of  producing  appropriately  sized  particles,  with  high  rates  of  lung  deposition.  These  catheters  could 
he  coupled  with  tracheal  gas  insufflation  systems,  not  only  to  deli>er  therapeutic  aerosols  hut  also 
to  create  water  aerosols  to  supply  necessary  humidification  during  tracheal  gas  insufllation. 
Kev  words:  tracheal  gas  insufflation,  calhclcrs.  piilnmnarx  drui^  delivery,  aerosols,  insiillalion.  |Rcspir 
Care  2001:46(2):  193-1971 


Introduction 

Delivery  of  drugs  into  the  lungs  thiouiih  airways  is  done 
for  two  purposes.'  '  First,  a  high  therapeutic  index  (effi- 
cacy/toxicity)  can  be  achieved  for  a  variety  of  lung  con- 
ditions when  the  druii  is  delivered  direciK  into  the  lung,  as 
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compared  to  through  the  systemic  circulation.  Examples 
include  (i  agonist  bronchodilalors  and  steroids  to  treat  air- 
way intlai:imation.  Second,  in  recent  years  there  has  also 
been  considerable  interest  in  using  the  lung  as  a  means  to 
access  the  systemic  circulation.  The  lung  is  thus  used  as  an 
entry  site  ralhcr  than  a  ihorapculic  target  for  a  drug.-* 

Drugs  That  Have  Benent  If  Delivered 
Through  the  Airways 

At  the  present  tune,  the  rniicd  States  Food  and  Drug 
Administration  has  appn)\ed  se\ eral  classes  of  drugs  tor 
use  as  aerosols  or  as  instilled  drugs  to  treat  lung  disca.se. 
These  include  the  bronchodilalors.  corticosteroids,  muco- 
lytics, and  surfactants.  There  are  also  published  reports  of 
a  large  number  of  other  Food  and  Drug  .Administration- 
approxed  drugs  that  have  been  tried  as  aerosols  or  instil- 
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Table  \.      Examples  of  Drugs  with  Dcnionsiraicil  PuliiKinary  Delivery 
Efficacy 

Antihiotics 

Insulin 

Heparin 

Prostacyclin 

Alpha- 1 -antitrypsin 

L,euki)triene  niotli  Tiers 

IniJoniethaein 

Surfactants 

Interferons 

Hormones 

Colony  stimulating  faclors/erythropoietin 

Somatostatin 


Note:  'fhese  are  examples  of  drugs  approved  by  the  Utiilcd  Slales  Hood  and  Drug 
Administration  for  human  use  hut  not  specifically  approved  for  delivery  via  aerosol  or  airway 
inslillalion  and  for  which  Ihere  is  evidence  of  efficacy  with  pulmonary  delivery. 


lations  (Table  1 ).''  These  drugs,  however,  are  not  officially 
approved  for  direct  instillation  or  aerosolization  to  the  lung. 
Note  that  of  the  drugs  designed  to  treat  lung  diseases, 
aerosolized  antibiotics  are  the  most  widely  studied.''  There 
are  also  emerging  data  on  the  use  of  insulin  administration 
through  the  lung  as  a  way  to  treat  the  systemic  disease 
diabetes  mellitus.  Prostacyclin  is  another  drug  used  to  treat 
systemic  disease  (pulmonary  and  systemic  vascular  dis- 
eases) that  is  being  administered  through  the  aerosol  route. 
Finally,  there  is  a  wide  array  of  experimental  therapeutics 
being  investigated  as  possible  aerosols.''  As  noted  above. 
these  drugs  are  either  aimed  at  treating  specific  lung  inju- 
ries/abnormalities or  else  are  administered  to  the  lung  in 
order  to  access  the  systemic  circulation.  Table  2  lists  many 
of  those  druss. 


patient's  spontaneous  ventilatory  efforts  or  a  positive  pres- 
sure breath  from  a  ventilator  deliver  the  aerosol  into  the  lung. 

Advantages  to  the  instillation  technique  are  that  large 
volumes  can  be  delivered  quickly.  There  is  a  limit,  how- 
ever, to  how  much  fluid  can  be  delivered  over  a  short 
period  of  time  (eg,  lung  mechanics  and  gas  exchange  be- 
gin to  alter  with  instillations  of  as  little  as  1  niL/kg).' 
Moreover,  there  is  often  a  transient  "bolus"  effect  on  both 
gas  exchange  and  hemodynamics,  especially  if  the  bolus 
volume  is  substantial.'*  The  distribution  of  an  instilled  med- 
ication is  usually  gravity-dependent.  Mechanically  venti- 
lated patients  thus  generally  have  the  distribution  going 
into  the  posterior  regions  of  the  lung,  whereas  an  upright 
patient  breathing  spontaneously  would  have  an  instilled 
bolus  go  caudally.*^  Surfactant  is  the  most  common  in- 
stilled drug,  and  it  is  a  common  technique  to  rotate  the 
patient  through  various  axes  to  assure  optimal  distribution. 
Experimental  delivery  of  pertlubron  al,so  utilizes  a  similar 
approach. 

The  aerosol  route  offers  the  opportunity  to  deliver  med- 
ications at  a  more  constant  rate  over  a  much  longer  period 
of  time.  Aerosolized  medications  tend  to  distribute  accord- 
ing to  ventilation,  as  opposed  to  gravity.'* '"  Other  factors 
affecting  delivery  of  an  aerosol  include  particle  size  and 
velocity,  because  these  affect  deposition  through  impac- 
tion, sedimentation,  and  diffusion.'"  In  general,  the  higher 
the  flow  rate  and  the  larger  the  particle  size,  the  more 
likely  the  aerosol  is  to  be  deposited  in  the  major  airways. 
In  contrast,  smaller  particles  moving  at  a  slower  velocity 
tend  to  penetrate  deeper  into  the  lung  and  deposit  in  more 
distal  lung  regions.  Conceptually,  drug  targeting  to  spe- 
cific regions  of  the  lung  could  be  accomplished  b\  ma- 
nipulating these  aerosol  characteristics. 


Aerosol  Versu.s  Instillation  Techniques  for 
Administering  Drugs  into  the  Lungs 

There  are  two  conceptually  different  ways  of  delivering 
a  medication  into  the  lungs.  The  first  is  to  in.sert  a  delivery 
catheter  either  through  the  larynx  or  through  an  artificial 
airway  (eg.  endotracheal  or  tracheostomy  tube)  and  di- 
rectly deliver  a  bolus  of  drug.  The  second  way  is  to  gen- 
erate an  aerosol  external  to  the  patient  and  have  either  the 

Table  2.       Examples  of  Experimental  Drugs  Administered  via  Aerosol 

Antibodies 

Gene  transfer  vectors 

Antioxidants 

Antiprotcases 

Cytokine  modifiers 

Arachidonic  acid  metabolite  modifiers 

Vaccines 


Table  3.      Eflect  of  Flow  Rate  and  Endotracheal  Tube  Diameter  on 
the  Deposition  of  an  Externally  Generated  Aerosol 


Air  Flow  (L/min) 

ETT  (mm) 

Percent 

Deposition* 

Filter 

ETT 

m 

3 

2.5 

4.'i.7 

5 

10.7 

43.7 

6 

12.3 

40.1 

2()t 

6 

4.0 

52.0 

9 

10.0 

.^0.0 

6()t 

6 

5.0 

57.0 

9 

11.0 

40.0 

ET  =  cndoirachejl  lube 

•percent  of  nominal  dose  (by  weight)  of  metaprolerenol  or  albulerol  administered  with  a 

swivel  adapter  connected  to  ihe  ETT.  Metered-dosc  inhaler  actuated  into  a  continuous  flow  of 

air. 

tData  from  Crogan  SJ,  Bishop  MJ.  Delivcr>-  efficiency  of  metered  dose  aerosols  given  via 

endotracheal  tubes.  Anesthesiology  1989:70(6):  1008-1010. 

{Data  from  Taylor  RH,  l-emian  J,  High-efficiency  delivery  of  salbulamol  with  a  melcrcd-dose 

inhaler  in  narrow  tracheal  lubes  and  catheters.  Anesthesiology  1991;74(2>:360-363. 
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Fig.  1 .  Predicted  distribution  of  aerosol  particles  of  different  sizes  when  the  aerosol  is  generated  within  the  trachea.  Data  were  generated 
from  a  computer  model  of  the  Weibel  lung,  using  gas  flow  of  0.5  L7s.  The  shaded  bars  indicate  predicted  delivery  using  intratracheal 
generation  of  10  nm  particles  (left  panel)  and  5  urn  particles  (nght  panel)  and  the  solid  lines  are  the  expected  distribution  from  an  externally 
generated  aerosol.  Note  that  when  the  aerosol  is  generated  in  the  ainway,  larger  particle  sizes  penetrate  deeper  into  the  lung. 


The  presence  of  an  endotracheal  tube  (ETT)  poses  a 
particular  problem  with  the  delivery  of"  a  therapeutic  aero- 
sol from  an  external  generator."  "  In  adults  these  tubes 
are  generally  7-9  mm  internal  diameter,  up  to  30  cm  in 
length,  and  are  often  bent  up  to  90".  Because  of  these 
features,  the  HTT  is  an  important  site  of  impaction  of 
externally  generated  aerosol  particles.  Indeed,  therapeutic 
aerosol  through  an  ETT  can  be  as  little  as  20%  of  the 
delivery  that  would  normalK  occur  through  the  natural 
upper  airway  (Table  .3).  Table  .^  illustrates  the  combined 
effects  of  increasing  air  flow  velocity  and  reducing  ETT 
diameter  on  deposition  of  an  externally  generated  aerosol 
within  the  tube.  The  ETT  material  may  also  impact  dep- 
osition. Specifically,  certain  types  of  plastics  may  promote 
aerosol  rain-out  and  the  presence  of  an  electrostatic  charge 
on  the  tube  can  also  reduce  the  ability  of  the  aerosol  tt) 
pass  through  it.'-'-' 

Intratracheal  Aerosol  Delivery 

Because  of  the  impact  of  the  ETT.  attempts  have  been 
made  in  recent  vears  to  de\elop  strategies  to  generate  an 
aerosol  beyond  the  ETT  (ie.  within  the  trachea  or  bronchi). 
Generating  the  aerosol  distal  to  the  tube  offers  not  only  the 
benefit  of  larger  amounts  of  aerosol  reaching  the  lung,  bin 
it  can  also  affect  the  optimal  particle  size  distribution  needed 
foreffecti\c  delivery.  .Specifically,  if  the  aerosol  could  be 


generated  distal  to  the  upper  airways  and  ETT.  larger  par- 
ticle sizes  conceivably  could  be  utilized.'^  To  illustrate 
this  concept.  Figure  1  shows  predicted  deposition  of  aero- 
sols of  different  particle  size  using  a  computer  lung  model 
and  a  0.5  L/s  inspiratory  flow  when  the  aerosol  is  gener- 
ated in  the  trachea,  as  opposed  to  externally.'^  Note  from 
Figure  1  that  larger  particle  sizes  generated  intratracheally 
would  be  expected  to  penetrate  deeper  into  the  lung  and 
have  a  better  therapeutic  effect  than  the  same  size  particles 
generated  externally.  Another  obvious  effect  of  an  intra- 
airway  aerosol  generator  is  that  the  de\  ice  could  be  guided 
either  radiologically  or  under  direct  vision  to  speciHc  lung 
regions  for  very  directed  drug  targeting  (eg.  radiopharma- 
ceuticals for  cancers,  antibiotics  for  pneumonia). 

The  first  attempt  to  produce  an  aerosol  within  the  lung 
was  the  simple  use  of  a  long  extender  on  a  standard  me- 
tered-dose  inhaler."  Though  this  approach  can  place  the 
aerosol  exit  site  inside  the  airway,  the  \ery  high  velocities 
that  come  out  of  a  metered-dose  inhaler  causes  substantial 
impaction  of  the  aerosol  at  the  carina  and  in  the  mainstem 
bronchi.  Because  of  this,  this  technique  has  not  been  used 
extensively.  Another  limitation  is  that  only  drugs  pack- 
aged as  metered-dose  inhalers  could  be  delivered  in  this 
fashion. 

In  1994  a  novel  svsiem  was  introduced  that  uses  a  small 
diameter  ( 1  mm)  multi-lumen  catheter  capable  of  produc- 
ing an  aerosol  with  a  iherapeulically  appropriate  particle 
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1  .ible  4.       Regional  Deposition  in  an  Inuihalcd.  Mechanically 

Vcntilaled  Glass  Lung  Model  ol  an  Aerosol  Generaled 
External  lo  Ihe  Patient.  As  Compared  to  an  Aerosol 
Generated  within  the  Trachea 


Fig.  2.  Schematic  of  a  prototype  aerosol-generating  catheter.  Liq- 
uid is  delivered  through  the  central  lumen  and  gas  is  delivered 
through  the  peripheral  lumens.  At  the  Interface  of  these  lumens,  at 
the  catheter  tip,  an  aerosol  is  created.  (Photo  courtesy  of  Trudell 
Medical  International,  London,  Ontaho,  Canada.) 

size.'''  Figure  2  shows  a  schematic  of  this  catheter  system, 
in  which  the  liquid  is  delivered  down  the  central  lumen 
and  gas  is  delivered  through  the  peripheral  lumens.  The  tip 
of  this  catheter  is  tapered  such  that  at  the  interface  of  the 
liquid  and  gas  lumens  an  aerosol  can  be  created.  Depend- 
ing on  gas  flow  (typically  0.8-1  L/min),  0.5-2.0  mL/min 
of  liquid  can  be  aerosolized,  with  particle  sizes  in  the 
therapeutic  range.  In  a  glass  model  of  the  first  4  branches 
o\'  the  human  tracheobronchial  tree  this  device  has  been 
shown  to  increase  alveolar  and  airway  deposition,  com- 
pared to  a  standard  external  nebulizer  aerosol  delivered 
through  an  endotracheal  tube  (Table  4). 

There  are  other  conceptual  approaches  to  placing  the 
aerosol  generator  within  the  lung.  For  instance,  a  minia- 
turized ultrasonic  system  might  be  placed  at  the  tip  of  a 
catheter,  over  which  a  liquid  is  delivered.  One  of  the  ad- 
\antages  of  this  approach  over  the  jet  catheter  described 
above  is  that  no  extra  flows  or  pressures  are  delivered  to 
the  lung  and  the  particle  velocity  is  virtually  zero.  Two 
other  recently  introduced  aerosol  generating  techniques 
might  also  be  miniaturized  to  produce  a  high-quality,  low- 
velocity  aerosol  within  the  airway.'^  The  first  is  a  device 
that  uses  a  high-velocity  oscillating  membrane  to  create 
aerosols  by  forcing  liquids  through  tiny  pores.  The  second 
approach  places  an  electric  charge  on  an  extruded  liquid  to 
break  the  surface  forces  and  create  an  aerosol.  In  the  future 
it  is  also  conceivable  that  dry  powder  generators  might 
also  be  miniaturized  and  placed  at  the  distal  end  of  a 
catheter  inserted  through  the  ETT. 

Combining  an  Intratracheal  .4erosol  Sy.stem  with 
I'rachcal  Gas  Insufilation 

Tracheal  gas  insufflation  (TGI)  requires  a  small-diam- 
eter catheter  to  be  placed  within  the  ETT.  with  its  distal  lip 


Percent 

Deposition  In 

Circuit 

ET  tube 

Airways 

Alveoli 

Externally-generated 
Catheter 

79 
18 

10 
l.'i 

4 
56 

5 
11 

proximal  lo  the  carina.  The  primars  purpose  of  TGI  is  lo 
supply  fresh  gas,  principally  through  the  expiratory  phase, 
to  clear  effective  dead  space."*  The  conceptual  advantage 
is  that  smaller  tidal  volume  can  be  used  and  thus  lower 
end-inspiratory  volumes  and  pressures  can  be  applied  to 
the  chest  during  mechanical  ventilation.  This  may  be  par- 
ticularly important  when  conventional  mechanical  venti- 
latory strategies  are  producing  excessive  end-inspiratory 
"stretch"  and  efforts  are  being  made  to  reduce  this. 

Because  TGI  has  a  catheter  already  within  the  ETT, 
coupling  it  to  an  intratracheal  aerosol-generating  system  is 
certainly  possible.  For  the  Jet  catheter  design  noted  above, 
the  TGI  gas  flow  could  actually  double  as  the  gas  being 
used  to  generate  the  aerosol  during  inspiration.  Other  sys- 
tems that  do  not  require  gas  flow  could  ha\e  the  fluid 
catheter  attached  to  the  TGI  catheter  and  the  aerosol  gen- 
erator mounted  on  the  distal  end. 

Another  potential  use  of  an  intratracheal  aerosol  gener- 
ator during  TGI  is  to  condition  the  TGI  gas  flow  with 
moisture.  On  current  TGI  systems  under  development,  the 
humidification  of  gases  generally  takes  place  before  gas 
enters  the  TGI  catheter,  often  using  separate  humidifica- 
tion systems  that  are  not  designed  for  the  high  pressures 
required  for  TGI.  The  intratracheal  techniques  described 
above,  however,  could  be  used  to  generate  a  bland  aerosol 
lo  provide  the  necessary  airway  inoistuie  and  thereby  ob- 
viate a  separate  humidification  system. 

Bland  aerosol  generation  has  been  described  previously 
as  a  technique  for  conditioning  dry  gas  during  mechanical 
ventilation.'"  Its  safety  and  efficacy.  howe\er.  are  contro- 
versial. On  the  one  hand,  several  studies  ha\e  shown  that 
small-particle  bland  aerosols  from  standard  nebulizers  can 
significantly  impair  gas  exchange  in  as  little  as  30  min- 
utes.-" --  The  mechanistii  for  this  is  thought  to  be  occlu- 
sion of  small  airways  by  l-.'i  fim  uater  dioplets.  It  should 
be  noted,  however,  that  all  of  those  studies  used  systems 
that  generated  several-fold  more  water  than  wmild  be  re- 
quired for  normal  humidification  (40  mg  or  microliters  of 
water  per  liter  of  ventilation).  Moreover,  the  particle  sizes, 
though  appropriate  for  drug  delivery  to  Ihe  lung,  were 
excessively  small  for  targeting  moisture  delivery  to  ihe 
major  airways.  In  contrast,  a  bland  aerosol  TGI  gas-con- 
dilioning  strategy  would  use  much  smaller  liquid  volumes 
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(TGI  jias  How  is  oiiIn  a  Ilh-Ihiii  oI  iiu.il  miiuiic  ventila- 
tion), would  generate  fewer  very-small  particles,  and  would 
be  delivered  onlv  during  exhalation.  The  small  amount  ol 
aerosolized  water  with  this  ap|iri>acli  would  thus  be  deliv- 
ered primarily  to  the  trachea  and  endotracheal  tube  where 
atelectasis  concerns  are  not  an  issue  and  where  the  water 
particles  can  also  serve  as  an  evaporative  source  of  mois- 
ture. It  therefore  may  be  t|uiic  reasonable  to  use  bland 
aerosol  generation  iif  appropriate  volumes  and  particle  size 
to  provide  the  airwav  moisture  necessary  forelteclive  TGI. 
Supporting  this  concept  is  the  safe  and  effective  use  of  a 
jel  nebulizing  s\  stem  to  provide  moisture  to  jetted  gas  at 
the  proximal  LTr  during  high-frequency  jet  ventilation.-' 

Summary 

A  growing  number  of  medications  are  being  developed 
that  are  designed  to  be  delivered  into  the  lungs.  Aerosol 
delivery  of  these  medications  from  an  external  generating 
system  into  the  patient's  lungs,  even  under  the  best  of 
circumstances,  is  less  than  5()9c.  and  delivery  efficiency 
usually  drops  to  less  than  lOVc  in  the  presence  of  an  ETT. 
Novel  aerosol  generating  systems  at  the  end  of  small- 
diameter  catheters  that  can  be  placed  into  the  trachea  (or 
beyond)  are  being  developed  to  address  this.  In  vitro  test- 
ing has  shown  these  systems  to  be  capable  of  producing 
appropriately  sized  particles,  with  high  rates  of  lung  dep- 
osition. These  catheters  could  be  coupled  with  TGI  sys- 
tems not  only  to  deliver  therapeutic  aerosols  but  also  to 
create  water  aerosols  to  supply  the  necessary  moisture  for 
TGI  gas  flow. 
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Conference  Summary 


Tracheal  Gas  Insuttlation:  Overcoming  Obstacles  to 


Clinical  Implementation 


Dean  R  Hess  PhD  RRT  FAARC  and  Neil  R  Madntyre  MD  FAARC 


Introduction 

Tracheal  gas  iiiMitnation  (TGI)  is  llic  injection  of  gas 
into  the  distal  trachea  to  functionally  reduce  dead  space 
and  thereby  inipro\e  the  efficiency  of  mechanical  venti- 
lation. In  the  context  of  a  lung-protective  mechanical  ven- 
tilation strategy,  the  objective  of  TGI  is  to  permit  a  reduc- 
tion in  tidal  volume  and  thus  alveolar  distending  pressure. 
In  other  applications,  TGI  may  be  useful  to  decrease  the 
ventilation  requirement  for  a  target  arterial  partial  pressure 
of  carbon  dioxide.  At  this  conference,  clinical  investiga- 
tors involved  in  the  development  of  TGI  reviewed  both 
technical  aspects  and  data  from  TGI  experiments  in  lung 
models,  animals,  and  human  subjects.  Their  written  com- 
mentaries comprise  the  papers  published  in  this  issue  of 
Respiratory  Care. 

Despite  considerable  academic  and  clinical  interest,  ap- 
proved TGI  systems  are  not  available  in  North  America 
and  use  is  thus  limited  to  clinical  studies.  Commercial 
systems  to  provide  TGI  are  being  developed  and  several 
may  become  available  in  the  near  future.  The  use  of  jury- 
rigged  systems  to  provide  TGI  is  discouraged,  primarily 
because  of  the  potential  for  complications  related  to  the 
TGI-ventilator  interaction.  When  TGI  systems  become 
available,  the  information  published  in  this  issue  of  Respi- 
K.vioK'i  Carf;  should  prov  ide  valuable  information  for  cli- 
nicians using  this  technique. 

Because  it  was  attended  by  clinicians,  researchers,  and 
industry  representatives,  this  conference  provided  a  unique 
opportunity  to  discuss  a  variety  of  issues  related  to  imple- 
mentation of  TGI.  Clinicians  desire  a  system  that  is  safe, 
efficacious,  easy  to  use.  and  affordable.  Industry,  in  trying 
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to  address  these  concerns,  is  faced  with  regulatory  issues 
that  that  mtist  be  overcome  before  TGI  systems  can  mar- 
keted. 

At  the  end  of  this  conference  a  series  of  questions  were 
presented  to  the  attendees  as  points  for  discussion.  The 
group  responses  to  these  questions  provide  the  basis  for 
this  suiTimary. 

What  Additional  Lung  Model  and  Animal  Studie.s 
Are  Needed? 

Many  lung  model  and  animal  model  studies  of  TGI 
have  been  conducted  and  much  has  been  learned  from 
these.  Some  additional  studies  of  this  type  may  he  neces- 
sary to  fuiTher  our  understanding  of  the  mechanisms 
whereby  TGI  facilitates  CO^  clearance.  For  example,  in 
various  clinical  situations  (eg.  airway  obstruction,  unilat- 
eral lung  injury,  parenchymal  disease)  what  TGI  Hows  are 
needed  and  when  should  they  be  applied  during  the  respi- 
ratory cycle?  Another  important  role  of  lung  model  studies 
is  the  characterization  of  commercial  systems  before  they  are 
used  clinically.  Prototypes  can  be  tested  on  models  to  under- 
stand their  functional  characteristics  and  to  identify  issues 
that  might  have  clinical  lelevance.  This  relates  to  both  TGI 
flow  controllers  and  the  catheters  or  endotracheal  tubes  used 
for  TGI.  For  example,  animal  models  may  be  necessary  to 
assure  that  airway  muciisal  injury  does  not  occur.  Animal 
and/or  lung  model  studies  are  also  necessary  to  demonstrate 
adequate  humidity  delivery  with  these  dev ices. 

What  Clinical  Studies  Are  Needed? 

The  con.sensus  of  the  group  was  that  the  beneficial  ef- 
fects of  TGI  on  lung  distention  shoiikl  improve  clinical 
otitcomes.  However,  it  was  recogni/eil  that  studies  using 
mortality  or  ventilalor-free-day  end  points  would  rec|tiire 
large  clinical  trials  that  are  impractical.  Given  the  per- 
ceived safetv  of  properly  designed  TGI  systems,  the  group 
therefore  agreed  that  physiologic  studies  of  TGI  are  all 
that  is  currently  needed  to  demonstrate  safety  and  efficacy. 
Appropriate  phy  siologic  outcomes  for  TGI  include  reduc- 
tion in  arterial  partial  pressure  of  carbon  dioxide,  reduction 
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What  Clinical  Stini>  IKsi^n  Is  Necessary? 

For  asscssnient  (if  physiologic  outcome  variables,  a  cross- 
over design  slioukl  he  ailei.|uaic.  Although  a  randomi/ed 
design  can  be  used  in  which  patients  are  assigned  to  re- 
ceive TCd  or  standard  therapy  without  TGI.  this  approach 
adds  little  scientific  \alue  over  a  crossover  design  and  is 
considerably  more  costly  to  perform.  Moreover,  the  phys- 
iologic effects  of  TGI  in  crossover  studies  can  be  assessed 
in  .several  hours.  Longer  studies  (ie.  days)  of  TGI  are  neces- 
sary to  assess  long-temi  effects  of  TGI — such  as  safety, 
stability  of  physiologic  benefit,  and  device  reliability  in 
the  clinical  arena.  The  effects  of  TGI  should  be  as.scssed  for 
patients  who  iire  fully  supported  by  the  ventilator  as  well 
as  for  those  who  are  triggering  the  \entilator. 

What  Safety  Variables  Should  He  .Assessed? 

Safety  issues  with  TGI  that  should  he  sUidicd  include 
humidification.  intrinsic  positive  end-c\piratory  pressure, 
airway  injury,  triggering,  device  reliability,  and  TGl-ven- 
tilator  interactions.  Note  that  many  of  these  safety  issues 
do  not  require  human  studies  to  answer  the  important  ques- 
tions. However,  clinical  verification  of  these  issues  in  hu- 
man observational  studies  should  be  done. 

In  W  hat  Patient  Populations  Should  Tracheal  Gas 
Insut'tlation  Be  Studied? 

Because  of  concern  about  o\cr-disteiition  lung  injury 
for  acute  respirator)  distress  syndrome  patients,  it  is  rea- 
sonable to  study  the  use  of  TGI  in  these  patients  first. 
However,  overdistention  lung  injury  can  also  occur  in  other 
lung  diseases  that  require  mechanical  \eniilation.  For  in- 
stance. TGI  may  have  important  applications  for  paiienls 
with  obstructive  lung  disease  in  which  regional  ovennlla- 
tion  is  common.  Indeed,  any  lung  disease  requiring  me- 
chanical ventilation  and  in  which  regii)nal  overdistention 
is  possible  could  benefit  from  TGI. 

Design  Issues:  Should  Tracheal  (Jas  Insufflation  Be 

■Applied  with  a  Calheter  or  Special  Kndotracheal 

Tube?  V\  hat  Is  the  Best  Design?  Should  It  Be 

Applied  Continuously  or  Intermittently? 

TGI  can  be  applied  using  either  a  catheter  passed  through 
the  lumen  of  ihe  artificial  airwav  or  throuch  a  lumen  de- 


signed into  ihe  wall  nl  the  artificial  airway.  Neither  ap- 
proach is  clearly  superior  to  the  other.  However,  applica- 
tion of  TGI  shi)uld  not  require  reintuhation  of  the  patient. 

The  importance  of  catheter  lip  design  (ie,  forward  How, 
reverse  How,  or  combination)  is  unclear.  Forward  flow 
seems  to  augment  gas  mixing,  but  reverse  tlow  seems  to 
reduce  the  potential  for  increasing  intrinsic  positive  end- 
expiratory  pressure.  Both  designs  have  been  shown  to  be 
effective,  and  there  are  currently  no  data  that  show  a  clear 
superiority  of  one  design  over  the  other. 

The  choice  of  continuous  versus  expiratory-phase  TGI 
is  often  based  on  the  bias  of  the  investigator.  Continuous 
TGI  uses  a  simpler  gas  delivery  design.  With  continuous 
TGI,  however,  pressure  or  tlow  relief  valves  are  needed  to 
account  for  the  effect  of  the  TGI  tlow  during  the  inspira- 
lorv  phase  (ie.  device  design  must  make  TGI  How  invis- 
ible during  the  inspiratory  phase). 

What  Needs  To  Be  Monitored  and/or  .Alarmed 
during  Tracheal  Gas  Insufllation? 

Alihough  exhaled  CO,  analysis  can  be  used  to  guide 
TGI  settings.  TGI  systems  should  not  require  the  routine 
use  of  capnography.  The  system  should  allow  the  ability  to 
monitor  intrinsic  positive  end-expiratory  pressure  or  dy- 
namic hyperinflation  secondary  to  TGI.  li  is  helpful  to 
know  the  TGI  volume  insuftlaled.  A  mechanism  should  be 
in  place  so  that  the  volume  measured  by  the  ventilator  can 
be  corrected  for  the  TGI  How.  A  mechanism  must  be 
prov  idcd  to  detect  an  obstruction  in  the  artificial  airway. 

What  Cost  Barriers  Are  Important  to  the 
Introduction  of  Tracheal  Gas  Insufflation? 

There  are  costs  associated  with  the  TGI  controller,  the 
catheter,  and  the  education  tif  clinicians  to  use  the  svstem. 
Additional  costs  include  those  required  to  do  the  necessary 
studies  to  demonstrate  safety  and  efficacy  to  clinicians, 
regulatory  agencies,  and  payers.  The  cost  of  the  system  should 
be  commensurate  with  the  benetlt  derived  from  TGI. 

Summary 

This  ci)mment;iry  represents  our  rev  iew  of  the  group  re- 
sponse to  questions  regarding  the  obstacles  to  clinical  use  of 
TGI.  This,  along  with  the  accompanv  ing  papers  in  this  issue 
of  RLs^lKAloK^  C  vKi;.  should  help  industn .  regulators,  inves- 
tigators, and  clinicians  with  the  introduction  of  this  technol- 
oev  to  the  care  of  mechanicalh  ventilated  patients. 
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Books,  Films, 
Tapes,  &  Software 


Interventional  Pulmonology.  John  F  Bca- 
mis  Jr  MD  and  Pravccn  N  Mathur  MD. 
edilors.  New  York:  McGraw-Hill.  1999. 
1  hirtkinxT.  ilkislraled.  332  pages.  $145. 

The  aiilhors,  in  the  prel'aee  lo  Interven- 
tional Pulmonologj .  define  the  hook  as  a 
reference  source  for  interventional  pulnio- 
nologists  as  well  as  for  piilmonologisls  re- 
ferring or  caring  for  palienls  who  have  un- 
dergone the  procedures  described  in  Ihis 
book.  While  many  of  the  chapters  deal  with 
procedures  that  are  well  within  the  purview 
of  most  practicing  pnlnionologists.  such  as 
thoracentesis,  closed  pleural  biopsy,  trans- 
bronchial  needle  aspiration,  and  chest  tube 
placement,  others  are  more  likely  to  be 
performed  in  referral  centers.  In  fact,  in 
the  preface  the  authors  support  the  defi- 
nition of  interventional  pulmonology  as 
tho.se  procedures  that  require  training  be- 
yond that  of  the  typical  pulmonary  and 
critical  care  fellowship.  The  primary  au- 
dience for  thi.s  book  is  practicing  pulmo- 
nologists.  However,  respiratory  therapists 
who  assist  in  these  procedures  would  also 
find  this  te.xt  useful. 

The  book  is  organized  into  three  sections. 
The  first  part  describes  various  aspects  of 
therapeutic  bronchoscopy,  the  second  part 
(.ieals  with  medical  thoracoscopy;  and  the 
final  part  groups  miscellaneous  procedures 
such  as  percutaneous  tracheostomy,  trans- 
bronchial  needle  aspirations,  and  thoracen- 
tesis. 

The  initial  chapters  in  tlie  section  on  bron- 
choscopy include  a  general  overview  of  bron- 
choscopy and  maintenance  of  the  flexible 
bronchoscope,  which,  while  of  interest  to 
respiratory  therapists,  are  adequateh  ad- 
dressed in  other  sources. 

The  chapter  on  laser  bronchoscopy,  while 
thorough,  includes  a  fair  amount  of  laser 
physics,  which  may  be  of  limited  use  to  the 
readers  of  Respirator-i  Carp,  but  the  sec- 
tion dealing  with  contraindications  and  in- 
dications for  laser  bronchoscopy,  is  useful 
from  the  standpoint  of  referring  pnlnionolo- 
gists. The  section  on  stents,  including  sepa- 
rate chapters  for  both  silicone  stents  and  ex- 
pandable wall  stents,  is  particularly  well 
done.  The  illustrations  ate  \er\  hel[iful.  The 
discussion  is  quite  thorough  regarding  the 
pros  and  cons  of  various  stents.  It  includes  a 


very  thorough  review  of  the  silicone  stenls 
currently  available. 

The  second  section  of  the  book  is  de- 
voted to  medical  thoracoscopy.  This  section 
addresses  routine  chest  tube  placement,  but 
the  bulk  of  the  section  deals  with  thoraco- 
scopic  inspection  and  biopsy  of  the  pleural 
space,  and  managemenl  of  pleural  space 
problems  such  as  pneumothorax  and  pleural 
malignancy.  The  author's  definition  of  med- 
ical thoracoscopy  emphasizes  the  fact  that 
this  procedure  is  pert'oniied  by  pnlnionolo- 
gists, as  opposed  to  thoracic  surgeons,  and 
that  the  primary  role  is  diagnosis  rather  than 
treatment.  In  this  reviewer's  opinion,  these 
procedures  are  more  commonly  within  the 
realm  of  thoracic  surgeiy  in  most  commu- 
nities. Nonetheless,  the  description  and  il- 
lustrations are  quite  informative  and  the 
chapters  are  well  written.  They  include  a 
very  nice,  abbreviated  review  of  the  litera- 
ture regarding  pleurodesis  with  talc  versus 
other  agents. 

The  final  section  of  the  book  contains 
chapters  dealing  with  various  procedures. 
These  include  transbronchial  needle  aspira- 
tion, transtracheal  oxygen  therapy,  thoracen- 
tesis, enclosed  pleural  biopsy,  ;ind  percuta- 
neous tracheostomy.  Many  of  these  are 
within  the  traditional  training  of  most  pul- 
monologists.  and  may  prose  \ aluable  to  re- 
spiratory therapists. 

In  general,  the  book  is  written  from  a 
vei'y  practical  standpoint.  This  is  a  text  about 
procedures,  and  the  authors  certainly  ha\e 
kept  that  focus  in  mind.  The  chapters  are 
relatively  brief  and  reasonably  comprehen- 
sive. At  the  end  of  most  chapters  there  is  a 
section  (written  by  an  expert)  entitled  "Hou 
1  Do  It."  with  a  step-by-step  description  of 
his  or  her  technique.  The  book,  of  course,  is 
not  a  substitute  for  actual  training  in  these 
techniques  by  an  expert,  but  would  serve  as 
a  useful  reference  to  pulmonary  physicians 
pertbrming  these  procedures,  both  Irom  a 
standpoint  of  having  a  ready  reference  re- 
garding an  expert's  technique  iuid  to  pro- 
vide a  succinct  re\icw  of  the  procedure 
and  the  relevant  literature  associated  w  ilh  il 
riie  book  does  have  a  place  in  a  respir.ilorv 
therapy  department  library,  particularly  in 
facilities  that  are  invobed  wilh  performing 


any  of  the  in\asivc  piXKcdures  discussed  in 
the  text. 

,I<)hn  K  Naylor  MD 

Deaconess  Medical  Center 
Spokane,  Washington 

Mosby's  Diagnostic  and  Laboratory  Test 
Reference.  4th  edition.  Kathleen  Deska  Pa- 
gana  PhD  RN  and  Timothy  James  Pagana 
MD.  St  Louis:  Mosby.  1999.  Hardcover, 
967  pages,  $28.95. 

This  diagnostic  and  laboratory  test  refer- 
ence is  well  designed.  The  handbook  uses  a 
consistent  format  that  allows  tests  and  di- 
agnostic procedures  to  be  found  quickly 
without  loss  of  the  discussion  needed  for  a 
complete  understanding.  The  follov\ing  in- 
formation is  provided: 

Name  of  the  test:  Complete  name  with  a 
list  of  abbreviations  and  alternative  test 
naiTies  following  each  main  entry . 

Type  of  test:  This  section  helps  the  reader 
identify  the  source  of  the  laboratory  speci- 
men (eg,  blood)  or  type  of  diagnostic  pro- 
cedure (eg,  chest  radiograph). 

Normal  findings:  Nonnal  values  are  listed 
for  infants,  children,  adults,  and  the  elderiy. 
Where  appropriate,  separate  \alues  are  listed 
for  male  and  female. 

Possible  critical  values:  These  are  thresh- 
old values  that  when  crossed  generally  re- 
quire immediate  intervention. 

Test  explanation  and  related  physiology: 
This  section  includes  information  about  the 
test,  specific  indications  for  the  test,  how  the 
test  is  perfonned.  what  disease  pathology  or 
disorder  the  results  ma\  show,  and  related 
pathophysiology. 

Contraindications:  These  data  alert  the 
reader  to  patients  who  should  not  have 
the  test. 

Potential  complications:  This  section  de- 
scribes potential  problems  that  may  require 
astute  assessments  and  intenentions. 

Interfering  factors:  Many  factors  such  as 
dmgs  can  interfere  with  test  results  la  spe- 
cial icon  is  used  to  alert  the  user  when  drugs 
might  interfere  with  the  test  I. 

Prix'edure  and  paticnl  care:  This  section 
is  di\  ided  into  Ix't'oie.  during,  and  alter  time 
sequences.  The  prixcdure  for  conducting  the 
lest  is  described  and  the  information  thai 
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should  be  prcscnli.\l  lo  iIk-  palicnl  is  Jis- 
cusseil  for  each  liiiii.'  micnal. 

Home  care  responsibilities:  Larly  dis- 
charge Ironi  the  hospital  and  outpatient  test- 
ins:  were  the  rnoli\alini;  forces  lor  includini; 
this  section.  The  authors  lx-lic\e  "that  pa- 
tients and  their  families  have  the  responsi- 
bility fordelectins!  [X)tential  test-related  prob- 
lems in  the  home  setting."  This  section 
idenllties  key  areas  lor  assessment  and  pro- 
vides instruction  lor  what  to  do  when  prob- 
lems are  detected. 

Abnomial  finding:  .^bnomialh  high  and 
low  \aUies  are  listed  where  appropriate. 

A  blank  space  is  included  at  the  end  ot 
the  last  section  for  each  test,  for  individual- 
izing the  studies  to  the  institution  perfonn- 
ing  the  test. 

This  relerencc  manual  is  appropriate  for 
use  in  respiratory  therapy  programs  when 
students  are  in  the  hospital  on  clinical  rota- 
lion.  The  b<x)k  is  small  enough  to  be  easily 
slipped  into  the  pocket  of  a  unifonii  jacket, 
where  it  vsould  be  invaluable  to  the  sludenl 
clinician.  The  book  would  be  very  useful  for 
respiratory  therapy  students  trying  to  develop 
critical  thinking  skills  through  problem- 
ba.scd  learning.  This  manual  w  ciuld  be  a  great 
reference  for  use  in  courses  that  present  or 
are  organized  around  clinical  cases  where 
large  numbers  of  laboratory  tests  and  labo- 
ratorv  prcxredures  must  be  understood  aritl 
interpreted. 

During  my  review  of  this  manual  only  a 
few  limitations  were  identified.  The  section 
on  oximetry  did  not  mention  false  readings 
due  to  nail  polish,  skin  pigmentation,  or  in- 
adequate perfusion  during  shock.  The  accu- 
racy range  of  and  the  way  to  correlate  the 
oximeter  he;irt  rate  with  readings  by  auscul- 
tation or  electrocardiogram  were  not  pre- 
sented. The  only  desaturation  threshold  men- 
tioned was  a  possible  critical  Sp^,,  [oxygen 
saturation  measured  via  pulse  oximetry]  of 
^  75%.  No  guidance  was  given  regarding 
the  range  of  variance  for  multiple  S,,,,,  read- 
ings during  spot  checks.  Under  conu-aindi- 
cations,  no  warning  is  given  to  not  use  pulse- 
oximetrv  w  ith  patients  suffering  from  carbon 
monoxide  poisoning.  Under  the  arterial 
blixxl  gas  analysis  entry,  the  discussion  on 
sampling  dcx;s  not  encourage  the  user  to  col- 
lect blood  from  the  nondominant  hand  if 
ptissible.  The  additional  complications  re- 
lated to  gathenng  a  sample  at  sites  other 
than  the  radial  arteries  are  not  discussed.  The 
arterial  blood  gas  analysis  procedure  and  pa- 
tient care  section  states,  "note  that  an  arterial 
puncture  is  performed  by  laboratory  techni- 


cians, respiratory-inhalation  therapists.  . 
The  authors  and  publisher  should  have 
known  that  the  tenn  "'inhalation  therapist" 
was  retired  20  years  ago.  The  chest  radio- 
graph abnormal  findings  are  listed  without 
any  detaileil  discussion  on  what  may  be  ob- 
served (eg,  "diaphragm"  has  only  one  list- 
ing: diaphragmalic/hiatal  hernia)  with  no  dis- 
cussion of  fiat  diaphragms  observed  with 
hviierintlation.  L'nder  pulmonary  function 
tests,  "functional  residual  capacity"  is  de- 
scribed as  ""functional  residual  volume," 
breaking  the  cardinal  pulmonary  physiology 
rule  that  two  or  more  lung  volumes  ;ire  al- 
ways described  as  a  capacity. 

Overall  this  is  a  veiT  well  researched  and 
well  written  reference  manual.  Despite  the 
limitations  mentioned  above,  the  book 
should  be  a  very  useful  addition  to  the  per- 
sonal libraries  of  respiratory  therapy  students 
who  arc  presented  w ith  a  battery  of  labora- 
tory and  diagnostic  procedures  that  must  he 
understood  and  interpreted. 

Thomas  A  Barnes  EdD  RRT  FAARC^ 

Department  of  Cardiopulmonary 

and  Exercise  Sciences 

College  of  Health  .Sciences 

Northeastern  University 

Boston,  Massachusetts 

Rapid  Interpretation  of  Ventilator  \\  ave- 
forms.  Jonathan  B  W'augh  PhD  RRT  CPFT, 
Vijay  M  Deshpande  MS  RRT,  Robert  J  Har- 
wood  MSA  RRT.  Upper  Saddle  River,  New 
Jersey:  Prentice  Hall.  IW-).  Soft-cover,  il- 
lustrated, ]?>2  pages,  S-^().6(). 

Many  modem  intensive  care  ventilators 
monitor  airway  mechanics  and  display  flow, 
volume,  and  pressure  waveforms.  Using 
ventilator  waveforms  might  improve  venti- 
lator management,  provided  the  clinician  can 
make  optimal  use  of  this  additional  infor- 
mation. The  aim  of  Rapid  Interpretation 
of  V entilator  Waveforms  is  to  provide  a 
more  comprehensive  and  detailed  look  at 
ventilator  wavefomi  analysis  than  regular 
textbooks.  The  authors  emphasize  that  the 
book  is  intended  to  improve  understanding 
of  how  ventilator  waveforms  are  generated 
and  how  wavefomis  retlect  abnormal  con- 
ditions during  mechanical  ventilation.  More 
than  140  wavefonn  samples — conceptual 
illustrations  and  real  vvav  eform  tracings — 
are  presented  in  5  chapters  and  .*>  case 
studies. 

The  first  two  chapters  cover  ilie  basic  prin- 
ciples of  ventilator  waveform  analysis.  First 
the  reader  is  made  familiar  with  the  basic 


now-vcrsus-timc.  pressure-vcrsu.s-iime.  and 
volume-versus-lime  tracings.  Starting  out 
with  an  example,  changes  in  ventilator  set- 
tings and  their  corresponding  ventilator 
waveforms  are  discussed.  Several  graphs 
are  used  lo  explain  the  interdependence 
of  respiratory  rate,  inspiratory  flow,  and 
inspiratory  lo  expiratory  time,  as  well  as 
the  influence  of  airway  mechanics  on  pres- 
sure-versus-time  waveforins.  At  the  end 
of  the  first  chapter,  tracings  of  commonly 
employed  modes  of  ventilation  are  shown 
in  two  formats  to  compare  simplified  il- 
lustrations with  original  patient  tracings. 
The  second  chapter  examines  the  pres- 
sure-volume and  llow-volume  relation- 
ships of  the  respiratory  system  during 
mechanical  ventilation.  Illustrations  of  the 
static  pressure-volume  curve,  and  real- 
time recordings  of  corresponding  pres- 
sure-volume (P-V)  and  flow-volume  loops 
are  used  lo  explain  their  specific  patterns 
because  of  changes  in  compliance  and  air- 
way resistance.  In  this  context  the  authors 
also  explain  how  the  P-V  loop  reflects 
dynamic  compliance,  work  of  breathing, 
and  the  meaning  of  the  inflection  points 
on  the  compliance  curve. 

The  next  two  chapters  are  more  oriented 
to  the  clinical  application  of  wavefonn  anal- 
ysis. Using  real-time  recordings,  character- 
istic wavefomi  pattems  of  the  most  com- 
mon ventilation  modes  and  theircombination 
(eg,  synchronized  intermittent  mandatory 
ventilation  with  pressure-support  ventilation) 
are  discussed.  The  following  chapter  pre- 
sents common  clinical  situations,  such  as 
acute  changes  in  compliance,  alveokir  over- 
distention,  and  detection  of  a  blocked  or 
kinked  endou-acheal  tube.  Several  tracings 
are  used  to  discuss  the  problems  caused  by 
increased  airw  ay  resistance.  The  assessment 
of  bronchodilator  therapy  using  before-and- 
after  flow  -volume  and  P-V  loops  is  discussed 
in  detail,  as  well  as  the  detection  of  dynamic 
hvperintlation  and  intrinsic  positive  end-ex- 
piralorv  pressure.  .Mso  covered  in  this  chap- 
ter is  the  detection  of  patient-ventilator  dys- 
synchrony  due  to  insufficient  inspiratory 
flow  or  inappropriate  trigger  sensitivity. 

The  final  chapter  addresses  special  as- 
pects of  waveform  analysis  during  ventila- 
tion of  neonates  and  small  infants.  Altliough 
some  of  the  infomiation  given  had  already 
been  presented  in  prev  ious  chapters,  special 
problems  such  as  volume  loss  due  lo  cull- 
less  endotracheal  tubes,  detection  of  right 
mainstem  intubation,  and  accidental  extuba- 
lion  are  covered  in  this  chapter.  Finally,  5 
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illustrative  cases  i>t  palieiils  with  ahiiomi.il 
ventilator  wavcloniis  ;ire  presented  in  the 
appendix.  Since  most  ot  the  graphs  are  taken 
from  the  previous  chapters,  the  appendix  is 
a  good  re\  iew  lor  the  reader. 

Rapid  Interpretation  of  Ventilator 
>\  avel'ornis  is  the  only  book  1  know  ol  Ihal 
is  solely  dedicated  to  ventilator  waveloiin 
analysis.  Its  major  su-ength  lies  in  the  nu- 
merous wavet'orni  examples  ;iiid  the  ci)lor 
pnnling  that  makes  it  easy  to  distinguish  be- 
tween various  waveforms  in  the  same  illus- 
tration. However,  the  approach  to  keep  the 
'■descriptions  and  commentary. . .  to  a  min- 
imum to  enhance  clarity  and  readability"  (as 
staled  by  the  authors  in  the  preface)  has  its 
shortcomings.  Especially  .some  examples  in 
the  second  chapter  suffer  from  short,  mis- 
leading, and  even  inaccurate  information.  For 
instance,  the  definition  of  the  lower  inflec- 
tion point  is  too  short,  and  the  authors  do  not 
make  clear  that  the  lower  inflection  point 
(reflecting  alveolar  recruitment)  is.  ideally, 
taken  from  a  static  P-V  curve  or  at  least 
from  a  P-V  loop  with  very  low  constant  in- 
spiratory flow.  1  would  have  also  expected 
that  the  authors  explain  the  pitfall  that  dur- 
ing pressure-targeted  ventilation  the  ob- 
sened  "inflection  point"  on  the  P-V  loop  is 
an  artifact  and  is  due  to  the  basic  gas  deliv- 
ery pattern  of  pressure-control  ventilation. 
At  that  point  1  also  found  the  only  major 
mistake  in  the  book,  where  the  authors  state 
that  "under  conditions  of  normal  resistance 
and  compliance  the  P-V  loop  of  a  pressure- 
targeted  breath  is  very  similar  to  a  volume- 
targeted  breath."  By  definition,  the  P-V  loop 
during  constant-flow  ventilation  and  pres- 
sure-targeted ventilation  cannot  be  similar. 
During  pressure-control  ventilation  most 
modem  ventilators  deliver  such  high  inspira- 
tory flows  that  the  set  targeted  pressure  is 
almost  instantaneously  reached  ;md  main- 
tained until  the  end  of  inspiration.  Therefore 
the  pressure  in  the  P-V  slope  will  quickly 
increa.se.  with  an  "inflection  point"  close  to 
the  set  pressure,  foniiing  ;ui  almost  \ertical 
slope,  until  the  end  of  inspiration.  On  the 
other  hand,  constant  flow  ventilation  will 
generate  a  linear  increase  in  pressure  and 
volume,  reaching  the  maximum  pressure  at 
the  end  of  the  breath. 

Another  inaccuracy  regarding  different 
modes  of  ventilation  occurs  for  the  defini- 
tion of  dynamic  compli;uice.  since  the  given 
definition  is  only  tnie  for  volume-l;irgeled 
breaths.  As  already  pointed  out.  the  pressure 
is  almost  constant  during  pressure-contfol 
ventilation.  In  that  circumstance,  dvnamic 


compliance  eonesponds  lo  pressure  and  de- 
lixered  tidal  volume  only  when  inspiratory 
lime  IS  long  enough  Ihal  inspiratory  flow 
during  pressure  control  is  almost  zero. 

Overall,  the  given  information  covers 
most  of  the  clinical  situations  in  which  wave- 
form ;malysis  will  provide  additional  infor- 
mation. The  authors  have  reached  their  goal 
10  write  a  comprehensive  workbook  that  will 
enable  the  reader  to  use  the  acquired  infor- 
mation at  the  bedside.  The  quality  of  illus- 
trations IS  excellent,  the  accompanying  text 
is  easy  to  read,  but  some  aspects  need  to  be 
more  accurately  presented.  Rapid  Interpre- 
tation of  Ventilator  Waveforms  is  a  valu- 
able reference  source  about  waveform  anal- 
ysis for  the  respiratory  care  student, 
respiratory  therapist,  and  critical  care  nurse, 
as  well  as  for  physicians  caring  for  mechan- 
ically ventilated  patients. 

Max  Kirmse  MD 

Department  of  Anesthesia 

and  Critical  Care 

University  of  Erlangen-Niimberg 

Eriangen.  Gennany 

Pocket  Companion  for  Critical  Care 
Nursing.  Sheila  Melander  DSN  RN  and 
Linda  Bucher  DNSc  RN.  Philadelphia:  WB 
Saunders.  1999.  Soft-cover,  illustrated.  542 
pages.  $24.95. 

Dr  Melander  and  Dr  Bucher  are  well 
known  lo  critical  c;u"e  nurses.  Their  previ- 
ous work,  the  lengthy,  complex  Critical 
Care  Nursing,  is  regarded  as  a  valuable, 
evidence-based  reference  and  systematic 
study  guide. 

The  Pocket  Companion  for  Critical 
Care  Nursing,  essentially  a  precis  of  their 
previous  work,  is  intended  lo  be  a  reference 
pocket  volume  for  use  at  the  bedside  by  the 
hands-on  practitioner.  There  is  a  substantial 
nursing  market  for  portable,  quick-look  in- 
formation texts,  in  part  as  a  result  of  the 
increasing  technological  and  work-load  de- 
mands for  critical  care  clinicians,  and  the 
declining  shelf-life  of  the  experienced  inten- 
sive care  unit  nurse.  The  authors  of  this  book, 
although  intending  their  primary  readership 
to  be  nurses,  also  hope  to  reach  other  mem- 
bers ot  mullidisciplinary  clinical  learns,  in- 
cluding respiratory  therapists  and  physicians. 

The  text  is  therefore  wide-ranging  m 
scope  and  subject  matter.  Organized  around 
a  body-system  basis,  each  of  the  7  sections 
begins  w  ith  a  bnef  anatomy  and  physiology 
review,  followed  by  assessment,  diagnosis, 
and  treatment  of  illnesses  commonlv  en- 


countered in  critical  care.  Prose  clarity  ren- 
ders the  book  easily  readable,  there  are  nicely 
arranged  and  accurate  tables,  and  there  is 
little  overlap  throughout — especially  admi- 
rable in  view  of  the  wide  range  of  subject 
matter  in  more  than  .5fW  densely  packed 
pages.  Notable  are  the  diagnostic  testing 
guides,  something  most  practitioners  have 
not  fluently  memorized.  There  are  particu- 
hu'ly  useful  and  coherent  sections  dealing 
with  human  immunodeficiency  virus 
opportunistic  infections,  simple  and  mixed 
acid-base  disorders,  and  a  well  arranged 
and  easily  understood  guide  for  bedside 
pulmonary  measurements  and  respiratory 
phamiacology. 

There  is  marked  contra.st  in  the  implied 
prerequisite  knowledge  level  and  practitio- 
ner focus.  For  example,  there  is  a  full  pho- 
tographic page  of  testing  for  pitting  edema, 
algorithms  of  diagnostic  guides  for  blunt  and 
penetrating  abdominal  trauma,  as  well  as  var- 
ious concrete  patient-teaching  suggestions. 
The  directions  for  basic  critical  care  nursing 
procedures  are  accurate  and  clear,  but  in  the 
context  of  quick-look  bedside  needs,  per- 
haps redundant.  For  example,  a  detailed  1 8- 
step  prescription  for  correct  endotracheal 
tube  suctioning  focuses  on  appropriate  mat- 
ters of  equipment  utilization  and  a  protocol 
for  organized  clinical  a-ssessment.  This  is 
valuable  and  technically  accurate,  but  of 
more  use  for  the  beginning  smdent  than  for 
the  daily  practitioner  in  seiirch  of  a  rapid 
reference. 

The  book's  weight  and  size  preclude  car- 
rying it  in  a  scrub  pocket,  and  the  lack  of  tab 
dividers  and  the  spread  of  subject  text  over 
.several  pages  hinders  immediate  access  of 
material.  The  attractive  cover  does  not  lie 
flat  when  opened  and  is  not  laminated:  it  is 
therefore  difficult  to  use  by  the  bedside.  Ad- 
ditionally, given  the  range  and  \iilumc  of 
material,  the  print  is  necessarily  quite  small: 
for  example,  the  advanced  cardiac  life  sup- 
port algorithms  are  tiny  and  blurred,  hard  to 
read  under  the  most  tranquil  conditions. 

Overall,  the  content  is  of  the  high  quality 
and  accuracy  that  is  assiK-iated  with  these 
authors'  wcirk.  their  attempt  to  produce  a 
precis  of  their  Luge  text  not  unsuccessful, 
and.  indeed,  of  potential  interest  ;ind  \alue 
to  a  range  of  practitioners.  However,  al- 
though criteria  for  the  ideal  rapid  pocket  ref- 
erence are  necessarily  somewhat  subjective, 
most  nurses  are  looking  for  a  f(K'us  on  im- 
mediate quick-liHik  inlomiation.  Frequendy 
sought  is  easily  readable,  brief  and  highly 
focused  information  about  \asoactive  drip 
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rates  aiul  ciniciMiliations.  ticiiuulMiamu 
luimbors.  ventricular  pacing,  aiKanccil  car- 
diac lite  support  prot«K(ils.  and  eniergency 
medications;  all  this  in  a  small  waterpnu)!' 
voiunie  thai  can  be  put  in  a  |-HKkel,  that  will 
siir\  i\e  a  da>  at  the  hedsiile,  and  preleiahK 
that  has  the  ability  to  allow  tor  a  degree  ol 
indiv  idiial  inserts  and  rearr;ingement. 

1  recommend  this  volume  for  less  ur- 
gent and  incon\enienl  circumstances  than 
the  beilsiile 

Jane  Cardell  RN 

Cardiac  Intensive  C;ire  LInit 

ll:irhor\ieu  Medical  Center 

Scalllc  Washington 

A  Dream  of  (he  lleiirt:  The  Life  of  John 
H  (.ihhoii  Jr.  Katlier  of  the  Heart-l.unn 
Machine  Harris  B  Schumacker  Jr  MD. 
Santa  Barbara:  Fithian  Press.  1999.  Hard- 
cover, illustrated.  301  pages,  $24.95. 

John  H  Gibbon,  the  subject  of  the  book, 
was  known  intimately  by  the  author,  hini- 
,sclf  a  cardiac  surgeon  of  renown.  As  such, 
the  author.  Schumacker.  seeks  to  describe 
"in  general  tenns"  what  Dr  Gibbon  contrib- 
uted to  cardiothoracic  surgery  specifically 
and  medicine  generally,  as  well  as  to  de- 
scribe him  "a.s  a  person."  In  both  of  these 
the  author  achieves  his  aim. 

There  ;ire  several  reasons  why  this  is  a 
valid  and  important  undertaking.  John  Gib- 
bon was  bom  in  190.^.  into  tremendous  in- 
tellectual and  educational  potential  and 
promise.  During  his  career  he  saw  the  intio- 
duction  of  antibiotics,  advances  in  anesthe- 
sia, development  of  residency  training,  and 
the  evolution  of  thoracic  surgery,  the  last 
hurdle  of  which  was  the  ability  to  operate 
within  the  heart  and  support  oxygenation  me- 
chanically. As  such.  Gibbon's  life  might  be 
considered  a  metaphor  for  the  medical  as- 
pects of  "The  American  Century." 

The  author  paints,  as  he  himself  describes 
in  the  introduction,  not  a  chronological  de- 
scription of  the  development  of  either  the 
heart-lung  machine  or  Gibbon's  career  de- 
velopment, but  rather  images  to  allow  a  fuller 
description  of  the  man  and  the  creation.  In 
a  sense,  he  achieves  a  certain  Seurat-like 
painting — one  which  viewed  from  a  dis- 
tance is  pleasing,  but  with  closer  observa- 
tion one  realizes  that  the  portrait  is  a  care- 
fully constructed  conglomeration  of  points. 


Ihcsc  poults  are  boih  tantalizing  and  re- 
vealing. We  ;ire  told  that  the  subject  could 
not  relate  to  his  children  verbally,  but  that 
he  had  very  warm  feelings  toward  thein. 
expressed  in  nonverbal  pursuits.  He  was  con- 
sidered a  kind,  gentle,  and  intellectual  man. 
but  also  there  are  hints  of  pride,  rage,  and 
resolve,  almost  to  the  point  of  contplete  self- 
absorption. 

Gibbon,  who  wanted  to  be  a  poet  and 
artist,  married  Malay,  trained  as  an  artist  but 
who  wanted  to  be  a  medical  researcher.  In 
fact  they  meet  in  Dr  Churchill's  lab.  Per- 
haps it  was  Gibbon's  wistfullness  that  al- 
lowetl  him  to  wdndcr.  as  he  watched  a  pa- 
tient labor  under  the  hypoxic  stress  of  a 
massive  pulmonary  embolism,  about  the  fea- 
sibility of  developing  extracorporeal  circu- 
lation. Certainly,  he  seems  to  be  more  in- 
trigued by  the  physiologic  problem  than  the 
device  it.self.  Having  demonstrated  its  el- 
fectiveness,  he  turned  his  attention  to  an 
entirely  different  arena. 

The  author  does  achieve  his  aims  of  de- 
scribing in  general  tentis  the  history  of  the 
development  of  exu-acorporeal  circulation. 
He  specifically  avoids  technical  details  that 
are  well-ilescribed  elsew  here,  and  instead  fo- 
cuses on  how  Dr  Gibbon's  overall  style  o[ 
research  allowed  him  to  concentrate  on  the 
development  of  the  machine  based  on  both 
his  own  and  others'  rese;irch.  It  might  ha\'e 
been  helf)tul  to  re\iev\  brietlx.  hut  in  more 
detail,  some  key  research  work  done  by  Dr 
Gibbon,  as  illustration  of  where  he  was  at 
particular  limes.  Dr  Schumacker  describes 
with  great  enjoyment  the  contributions  of 
both  the  subject  of  his  narrali\e  and  of  oth- 
ers in  the  field.  When  one  realizes  the  di- 
verse personalities  (such  as  Charles  Lind- 
bergh and  Alexis  Carrel)  who  were  involved 
in  studying  the  problem,  it  is  clear  that  this 
is  a  story  that  .should  be  savored' 

Some  may  find  the  book  difficult  to  read. 
The  author  "leaps  about."  with  earlier  chap- 
ters describing  Gibbon's  lineage,  particularly 
as  far  as  the  Confederate  side  is  concerned. 
with  later  descriptions  of  his  great  uncle. 
John  Gibbtm.  leader  of  the  union  "Black  Hat 
Brigade"  (also  recognized  by  Stonewall 
Jackson's  men  as  "those  damn  blackhat 
fellers"  after  a  stiff  engagement).'  There  is 
only  one  egregious  error,  in  my  mind.  This 
occurs  when,  describing  General  Gibbon's 
role  at  (ieitv  sburg.  the  author  attributes  Gen- 


eral Sickle's  ludicrous  maneuver,  pushing 
III  Corp  into  the  peach  orchard,  to  "Han- 
cock the  Magnificent."  The  author  also 
dwells  excessively  on  the  numerous  awards 
and  degrees  that  were  given  to  Dr  Gibbon.  It 
would  have  been  better  to  list  them  in  an 
appendix  and  select  a  few  important  ones  to 
ilescribe  their  importance  in  better  detail. 

In  the  end.  there  are  several  rea.sons  to 
read  this  Nxik.  Anyone  with  an  interest  in 
mechanical  circulatory  support  (including 
thoracic  surgeons,  perfusionists,  cardiolo- 
gists, and  pulmoniiry  intensivists)  will  enjoy 
the  de\elopmental  stages  described.  Young 
surgical  investigators  and  older  established 
educators  will  see  parallels  in  the  stmggle  to 
perform  good  research.  ba.sed  on  "the  ques- 
tion" rather  than  "the  anticipated  result."  Ed- 
ucators will  recognize  the  struggle  that  Gib- 
bon foresaw  in  encouraging  academic 
surgeons  to  dedicate  time  to  research  and 
teaching.  All  physicians  will  be  interested  in 
the  observations  Gibbon  made  predicting  the 
pros  and  cons  regarding  health  maintenance 
organizations. 

It  Gibbon  had  ne\er  worked  on  the  heart 
lung  machine,  his  achievements  in  educa- 
tion, teaching,  and  rese;u-ch  would  still  be 
impressive.  One  wonders  if  current  admin- 
istrators and  chaimien  appreciate  the  value 
of  good  science.  Young  surgeons  consider- 
ing embarking  on  an  academic  career  should 
consider  the  trials  and  tribulations  this  may 
cause  for  family  life.  Finally,  the  lay  public 
would  enjoy  reading  about  a  man  who  ex- 
emplified all  that  is  best  about  medical  care 
and  research.  Like  Jonas  Salk.  John  Gibbon 
refused  to  profit  from  his  discoveries  and 
did  not  patent  the  bypass  machine.  In  the 
end.  Harris  Schumacker  leaves  us  wonder- 
ing, wistfully,  if  John  Gibbon  was  "one  of 
the  tew  good  men."  the  like  of  which  are 
rarer  and  rarer. 

Riyad  Karniy-Jones  MD 

Division  of  Cardiothoracic  Surgery 

Harborview  Medical  Center 

University  of  Washington 

Seattle.  Washinston 
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by  which  the  re\  iewers  can  decide  w  hether  the  author  should 
be  invited  to  present  a  poster  at  the  OPEN  FORUM.  Therefore, 
the  abstract  must  provide  all  important  ihita.  fimliiii;s.  andcon- 
chisions.  Give  specific  information.  Do  not  write  such  gen- 
eral statements  a.s  "Results  will  be  presented"  or  "Significance 
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objectivity  and  validity:  G)  Results:  findings  of  the  evalua- 
tion: (4)  Experience:  summary  of  the  author's  practical  ex- 
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Case  report.  .Abstract  must  report  a  case  that  is  unciiminoii 
or  of  exceptional  educational  value  and  must  include  ( I )  In- 
troduction: relev  iuit  basic  infonnation  important  to  understanding 
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Methods.  Results.  Discussion.  Conclusions,  and  References.  Mas 
also  include  Tables.  Figures  (if  so,  must  include  Figure  Legends). 
Acknosvledgments.  and  Appendices. 

Review  .\rlicle:  A  comprehensive,  critical  review  of  the  literature 
and  state-ol-the-ail  suimnary  of  a  topic  that  has  been  the  subject  of 
at  least  40  published  research  articles.  Must  include:  Title  Page,  Out- 
line, Key  Words,  Introduction.  Review  of  the  Literature,  Summa- 
r\ ,  and  References.  May  also  include:  Tables.  Figures  (if  so,  must 
include  Figure  Legends),  and  .-Xcknowledgments. 

Overview:  A  critical  review  of  a  pertinent  topic  thai  has  fewer  than 
40  published  research  articles.  Same  structure  as  Review  Article. 

L'pdate:  A  report  of  subsequent  deselopments  in  a  topic  that  has 
been  critically  res  iewed  in  Rhsimra1()K'>  Cari-;  or  elsesvhere.  .Same 
structure  as  a  Res  iew  .Article. 


ing  physician  must  either  be  an  author  or  furnish  a  letter 
appros  ing  the  manuscript.  Must  include:  Title  Page.  Abstract,  iniro- 
iluction.  Case  Summary.  Discussion,  and  References.  .May  also 
include:  Tables.  Figures  (if  so,  must  include  Figure  Legends),  and 
.Acknosvledgments. 

l'()int-(if-\  iess  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  periment  topic.  Must  include:  Title  Page.  Text. 
and  References.  May  also  include  Tables  and  Figures  (if  so.  must 
include  Figure  Legends). 

Drug  Capsule:  A  miniature  review  paper  about  a  drug  or  class  of 

drugs  that  includes  discussions  of  pharmacology,  pharmacokinet- 
ics, or  pharinaciithcrapy. 

Graphics  Corner:  A  briefcase  report  discussing  and  illustrating 
svasefornis  for  monitoring  or  diagnosis.  Should  include  Questions, 
.Ansssers.  and  Discussion  sections. 

Kittredge's  Comer:  .A  bnct  description  of  the  operation  of  respiratory 

care  equipment.  Should  include  information  from  manufacturers  and 
editorial  comments  and  suggestions. 

PFT  Corner:  A  brief,  instructise  case  report  including  pul- 
monary function  testing,  accompanied  by  a  reviess  of  the  relevant 
phssiology  and  appropriate  references  to  the  literature. 

Test  Your  Radiologic  Skill:  .A  brief  instructise  case  report  involv- 
ing pulmonary  medicine  nidiiigraphs  and  including  one  or  more  radio- 
graphs. May  involve  imaging  techniques  other  than  consentional 
chest  radiography. 

Res  less  of  a  Book.  Film,  lape,  or  Softvvare:  A  balanced,  critical 
res  iew  of  a  recent  release,  RESPIRATORY  Care  does  not  accept  unso- 
licited hook  reviesvs;  please  contact  the  Editor  if  you  have  a  sug- 
gestion for  a  book  review. 


Special  Article:  A  |X-nineiu  pajx-r  not  fitting  one  of  tJie  other  categories. 
Consult  w  ilh  ihe  lalitor  before  vs riling  or  submitting  such  a  paper. 

Editorial:  .A  paper  addressing  an  issue  in  the  practice  or  adminis- 
tration of  respiratory  care.  It  may  present  an  opposing  opinion,  clar- 
ify a  position,  or  bring  a  problem  into  t'ocus. 

Letter:  .A  brief  signed  communication  responding  to  an  item  pub- 
lished in  Rl.spIR A  lOR'i'  Carh  or  about  other  [lertinent  topics.  Tables. 
Figures.  ;uid  Relerences  may  be  included.  I'he  letter  should  be  m;irked 
"For  Publication," 

Case  Report:  Reiiorl  of  an  uncommon  clinical  case  or  a  ness  or 
improved  melhod  of  management  or  treatment.  A  case-manag- 


Prcparing  the  Manuscript 

Print  on  one  side  of  white  8.5  xl  I  inch  paper,  with  margins  of  at 
least  I  inch  on  all  sides.  Double-space  the  text  and  number  the  pages. 
Do  not  include  author  names,  author  institutional  affiliations,  or  allu- 
sions to  institutional  affiliations  any w  here  except  on  the  title  page. 
On  the  Absu-act  page  include  the  title  but  do  not  include  author  names. 
Begin  each  of  the  following  on  a  new  page:  Title  Page.  Abstract. 
Text.  .Acknow  ledgments.  References,  each  Table,  each  Figure,  and 
each  .Appendix.  L'se  standard  English  in  the  first  person  and  active 
voice.  Type  all  headings  in  initial-capital  letters  (eg.  Background. 
Methods,  Patients,  Equipment,  Statistical  .Analysis.  Results.  Dis- 
cussion). Center  the  main  section  headings  and  place  second-level 
headings  on  the  left  maruin. 
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Abstract.  Please  ensure  thai  ihe  ahsirael  clues  iidl  contain  any  facts 
or  ciinclusions  that  do  not  also  appear  in  the  body  text.  Limit  the 
abstract  to  no  more  than  400  words. 

Key  Words.  Research.  Review.  Overview,  and  Special  Articles 
require  Key  Words.  On  the  Abstract  or  Outline  page,  include  a  list 
of  6  to  10  key  v\ords  or  two- word  phrases. 

Ri'ftTcnccs.  .Assign  reference  numbers  in  the  order  that  articles  are 
cited  in  MHir  manuscnpl.  At  the  end  t)f  your  manuscnpt.  list  the  cited 
works  in  numerical  order.  Abbreviate  journal  names  as  in  Index  Medi- 
cus.  List  all  authors.  The  following  examples  show  RESPIRATORY 
Carh's  style  for  references. 

Article  in  a  journal  carrxiiig  pagination  throughout  the  volume: 

Rau  JL.  Harwood  RJ.  Comparison  of  nebulizer  delivery  meth- 
ods through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir 
Care  1992:37(1  I):  1233-1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with  Page  1 : 

Bunch  D.  Establishing  a  national  database  for  home  care.  AARC 
Times  1 99 1 : 1  .^(  Mar  ):6 1 .62.64. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilator-dependent  patients  in  hospitals. 
Respir  Care  1988;33(  1 1 ):  1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  information  sutficient  to  allow 
retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest 
1986:89(3  Suppl):l39S-143S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided,  and  those 
more  than  3  years  old  should  not  be  cited.) 

Stevens  DP.  Scavenging  nbavinn  (rom  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  RespirCare  1990:35(1 1):  1087- 
1088. 

Editorial  in  a  journal: 

Enright  P.  Can  we  relax  during  spirometry?  (editorial).  Am  Rev 
Respir  Dis  1993:I48(2):274. 

Editorial  w  ith  no  author  given: 

Negative-pressure  ventilation  for  chronic  obstructive  pul- 
monary disease  (editorial ).  Lancet  1992;340(8833):I44()-144I. 

Letter  in  journal: 

Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter). 
Chest  1991:99(4):  105 1. 

Corporate  author  book: 

American  Medical  Assixiation  Dep;irtment  ot  Drugs.  .•^^L•\  drug 
evaluations.  3rd  ed.  Littleton  CO:  Publishing  Sciences  Group;  1977. 


Book:  (For  any  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pul- 
monary disease.  New  York:  Eutura:  1990:76-8.5. 

Chapter  in  book  with  editor(s): 

Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA,  Welch  MH. 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott: 
1977:26-42. 

Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  communication  of  unpublished  data  not  yet  accepted  for 
publication:  You  must  obtain  written  permission  to  cite  unpublished 
data  received  via  personal  communication.  Do  not  number  such  ref- 
erences, but  instead  make  parenthetical  reference  in  the  body  text 
of  your  manuscript.  Example:  "Recently.  Jones  found  this  treatment 
effective  in  45  of  83  patients  (Jones  HI.  University  of  the  Cascades, 
1999.  personal  communication)." 

Tables.  Tables  should  be  consecutively  numbered.  Start  each  table 
on  a  separate  page.  Number  and  title  the  table  and  give  each  column 
a  brief  heading.  Place  explanations  in  footnotes,  including  all  non- 
standard abbreviations  and  symbols.  Key  the  foomotes  w  ith  the  fol- 
lowing symbols,  superscripted,  in  the  table  body,  and  in  the  following 
order:  *,  t.  t.  §.  II,  |.  **.  tt.  Do  not  use  horizontal  or  vertical 
rules  or  borders.  Do  not  submit  tables  as  photographs,  reduced  in 
size,  or  on  oversize  paper. 

Figures  (illustrations).  Figures  include  graphs.  line  drawings,  pho- 
tographs, and  radiographs.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  figures  consecutively  as  Figure  I .  Figure  2. 
etc.  AH  the  figures  must  be  mentioned  in  the  text.  Every  figure  should 
have  a  legend  (a  title  and/or  description  explaining  the  figure).  Fig- 
ure legends  should  appear  as  separate  paragraphs  at  the  end  of  the 
manuscript  (after  the  References  section),  in  the  same  computer  file 
as  the  manuscript  (not  in  a  separate  file,  as  with  the  tables  and  fig- 
ures). Do  not  create  scanned  versions  of  figures  borrowed  from  otlier 
publications:  clear  photocopies  are  preferable.  To  include  figures 
previously  published  in  other  publications,  you  must  obtain  permission 
from  the  original  copyright  holder  (see  below).  Figures  must  be  of 
professional  quality  and  a  copy  of  the  article  from  which  the  figure 
came  should  be  available.  If  color  is  essential  to  the  figure,  consult 
the  Editor  for  more  information.  In  reports  of  animal  experiments, 
use  schematic  drawings,  not  photographs.  \  letter  of  consent  must 
accompany  any  photograph  of  an  identifiable  person.  If  possible, 
submit  radiographs  as  prints  and  tull-si/e  copies  of  film. 

Drugs.  Precisely  identity  all  drugs  and  chemicals  used,  giving  gener- 
ic names,  doses,  and  methods  of  administration.  Brand  names  may 
he  given  in  parentheses  after  generic  names. 

Coninu'rcial  Products.  In  the  text,  parenthetically  identify  com- 
mercial products  only  on  first  mention,  giving  the  manufacturer's 
name.  city,  and  state  or  country.  Example:  "We  performed  spirom- 
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elPi  ( loss  Sysu-rii,  MoiJii.;il  Ciniphics,  Mmiicii|-Kilis.  Minnesota)." 
Provide  ininJcl  numbers  it  avuilahlo.  and  nianulaLlurcr's  suggest- 
ed price,  if  the  study  has  cost  implications. 

Permissions:  ^'<ui  must  obtain  written  permission  to  use  pictures 
oridentillable  indi\  iduals  or  to  name  indi\  iduals  in  the  .Xcknowl- 
edgments  section,  ^ou  must  obtain  \\  ntten  peniiission  Irom  tiie  ong- 
inal  copyright  holder  to  use  figures  and  tables  from  other  publica- 
tions. Copies  of  all  applicable  permissions  must  be  on  tile  at 
RhSPlRA loR'i  Cari-.  before  a  manuscript  gi)es  to  press.  Copyright 
is  most  often  held  by  the  journal  or  book  in  which  the  figure  or  table 
originally  appeared  and  applies  to  the  creativity,  style,  and  form  in 
v\hich  the  facts/data  are  presented  to  the  reader;  the  facts  themselves 
are  not  copyright-protectable.  Therefore,  if  you  were  asking  per- 
mission to  reproduce  a  table  or  figure  directly  from  a  journal  or  book, 
or  with  minor  adaptations,  permission  would  be  necessary.  How- 
ever, if  you  intend  to  extract  some  data  trom  text  or  illustrations  and 
present  them  in  an  entirely  new  tbnii.  pcmiission  would  not  be  need- 
ed. Simply  cite  the  source  of  the  data  using  the  following  statement: 
"Figure  adapted  from  data  published  in  ..." 

Kthics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical  stan- 
dards of  the  WorUi  Medical  Aaocuilidii  DccUmition  of  Helsinki  (see 
RespirCare  1997:42(6):635-636)  or  of  the  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  mstitution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  determined  level  of  significance  in  the  Meth- 
ods section.  Report  actual  p  values  in  the  Results  section.  Cite  only 
textbook  and  published  article  references  to  support  choices  of  tests. 
As  with  commercial  products  (see  above),  parenthetically  identi- 
fy any  general-use  or  commercial  computer  programs  used. 

Units  (if  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated;  tem- 
peratures in  degrees  Celsius;  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  iSyai'irie  liilenuilioiitile) 
units  (units  and  conversion  factors  listed  at  Respir  Care 
1997;42(6);640).  Show  gas  pressures  (including  blood  gas  tensions) 
in  millimeters  of  mercup.  (mm  Hg). 


abbreviations.  Do  not  use  .ihluev  i.iIhuis  m  ine  niie.  m  scLlion  head- 
ings. ;uul  do  not  use  unusual  abbrvNiations  in  tiK'  abstract.  Use  an  abba*- 
viation  only  if  the  term  occurs  4  or  more  times  in  the  paper  Define 
all  abbreviations  (ie.  wnlc  out  the  full  temi  on  first  mention,  followed 
by  the  abba-viaiion  in  parentheses)  and  thereafter  use  only  the  abbre- 
viation. Standard  units  of  measurement  and  scientific  terms  can  be 
abbreviated  without  explanation  (eg.  17min.  mm  Hg,  pH,  O;). 
Please  use  the  following  forms:  cm  HiO  (not  cmHiO),  f  (not  bpm), 
Ltnot  I),  L/min  (not  LPM.  1/min,  or  1pm).  mL  (not  ml),  mm  Hg 
(not  mmHg),  pH  (not  Ph  or  PH),  p  >  ().(X)1  (not  p>().(X)l ).  s  (not  sec), 
Spo,  (arterial  oxygen  saturation  measured  via  pulse-oximelry). 

Prior  and  Duplicate  Publication.  In  general,  do  not  submit  work 

that  has  been  published  or  accepted  elsewhere,  though  in  special 
instances  the  Kditor  may  consider  such  material  if  the  original  pub- 
lisher grants  permission.  Please  consult  the  Editor  before  submit- 
ting such  work. 

Authorship.  All  persons  listed  as  authors  should  have  participat- 
ed 111  tlie  reported  work  and  in  the  shaping  of  the  manuscript,  all  must 
have  proofread  the  submitted  manuscript,  and  all  should  be  able  to 
publicly  discuss  and  defend  the  paper's  content.  A  paper  of  corporate 
authorship  must  specify  the  key  persons  responsible  for  the  article. 
Attribution  of  authorship  is  not  based  solely  on  solicitation  of  fund- 
ing, collection  or  analysis  of  data,  provision  of  advice,  or  similar  ser- 
vices. Persons  who  provide  such  ancillary  services  may  be  recog- 
nized in  an  Acknowledgments  section. 

Rev  ievvers:  Plea.se  supply  the  names,  credentials,  affiliations,  address- 
es, and  phone/fax  numbers  of  .^  professionals  whom  you  consider 
expert  on  the  topic  of  your  paper.  Your  manuscript  may  be  sent  to 
one  or  more  of  them  for  blind  peer  review. 

Submitting  the  Manuscript 

Submit  three  printed  copies  and  one  (.3.5-inch)  computer  diskette. 
The  printed  copies  should  each  include  photocopies  of  all  of  the  Fig- 
ures. Tables,  and  Appendixes.  On  the  diskette,  the  manuscript  should 
be  in  one  file  and  the  tables  m  a  separate  file.  If  soft  copies  of  the  fig- 
ures are  available,  they  should  also  be  in  a  separate  file.  However. 
Jo  not  Creole  sccmned  versions  of  figures  borrowed  from  other  puh- 
licalions:  clear  photocopies  are  preferable.  Include  the  completed 
Cover  Letter  and  Checklist  (see  next  page)  and  permission  letters. 
.Mail  to  Rr:SP[RATORV  CaRH.  6(X)  Ninth  Avenue.  Suite  702.  Seat- 
tle \VA  9S 104.  Do  not  fa.x  mmiuscripts.  Receipt  w  ill  be  acknow  ledged. 


Conflict  of  Interest.  On  the  cover  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  have  w  ith  a  manufacturer  or 
distributor  whose  product  is  addressed  in  the  manuscript  or  w  ith  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed to  reviewers.  Reviewers  are  screened  for  possible  confiict 
of  interest. 

Abbrev  iatinns  and  Symbols.  Use  standard  abbrev  iations  and  sym- 
bols, listed  at  Respir  Care  l997;42(6);637-642.  Do  not  create  new 


Respir \i()K>  Care 
Editorial  Office: 

600  Ninth  Avenue.  Suite  702 
Seattle  W A  98104 

(206)  223-0558  (voice) 

(206)  223-0563  (fa.x) 

rcjoumal@aarc.org 

rcjkk@oz.net 
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Cover  Letter  &  Checklist 

A  copy  of  this  completed  form  must  accompany  all  manuscripts  submitted  for  publication. 


Title  of  Paper: 


Publication  Category; 


Corresponding  Author: . 
IVIailing  Address: 


Reprints:      □  Yes     □  No 


Phone: 


FAX: 


E-mail  Address: 


"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscript,  and  approve  its  sub- 
mission for  publication."  Please  print  and  include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If  more 
than  4  authors,  please  use  another  copy  of  this  form.* 


"First  Author: 


Author  Signature/Date_ 


*Second  Author: 


Author  Signature/Date. 


"Third  Author: 


Author  Signature/Date. 


"Fourth  Author: 


Author  Signature/Date, 


Has  this  research  been  presented  in  any  public  forum?        □  Yes     □  No 
If  yes,  where,  when  and  by  whom? 


Has  this  research  received  any  awards?         □  Yes     □  No 


If  yes,  please  describe. 


Has  this  research  received  any  grants  or  other  support,  financial  or  material?       □  Yes     □  No 


If  yes,  please  describe 

Do  any  of  the  authors  of  this  manuscript  have  a  financial  interest  in  (or  a  commercial  or  consulting  relationship  to)  any  of  the 
products  or  manufacturers  mentioned  in  this  paper  or  any  competing  products  or  manufacturers?        ^  Yes     ^  No 


If  yes,  please  describe. 


^  Have  you  enclosed  a  copy  of  the  manuscript  on  diskette? 

_)  Is  double-spacing  used  throughout  entire  manuscript? 

_|  Are  all  pages  numbered  in  upper-right  corners? 

_]  Are  all  references,  figures,  and  tables  cited  in  the  text? 

_)  Has  the  accuracy  of  the  references  been  checked,  and  are  they  correctly  formatted? 

_J  Have  SI  values  been  provided? 

_)  Has  all  arithmetic  been  checked? 

_]  Have  generic  names  of  drugs  been  provided? 

^  Have  necessary  written  permissions  been  provided? 

_1  Have  authors'  names  been  omitted  from  text  and  figure  labels? 

J  Have  copies  of  'in  press'  references  been  provided? 

_)  Has  the  manuscript  been  proofread  by  all  the  authors? 

_J  Have  the  manufacturers  and  their  locations  been  provided  for  all  devices  and  equipment  used? 
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News  releases  iihoiii  new  priiducls  and  services  will  be  considered  for  publiealion  in  Ihis  section 

There  is  no  charge  lor  chesc  listings.  Send  descriptive  release  and  glossy  hhick  and  white  photographs 

to  R|;SP1RA1<)KY  C'ARi:.  New  Products  &  Services  Depl.  I  lll.M)  Ahles  Lane.  Dallas  TX  75:2')-4fi'>.' 

The  Reader  Service  Curd  can  be  found  at  the  back  of  the  Journal. 


New  Products 
&  Services 


Dij;il;il   llandhtid   Pulse  Oxinutcr. 

Noniii  Medical  Inc  has  released  the 
newest  addition  to  its  digital  pulse  oxime- 
ter product  line— the  PalmSAT""  2500. 
Nonin  describes  the  new  device  as 
lightweight  and  versatile  and  says  that  it 
is  designed  to  accurately  assess  blood 
oxygen  saturation  and  pulse  rate.  Accord- 
ing to  the  company,  the  PalmSAT  2500  is 
appropriate  tor  use  in  multiple  care  set- 
tings and  offers  72  hours  of  memory  stan- 
dard, ergonomic  design,  simple  opera- 
tion, and  convenient  battery  access.  For 
more  information  from  Nonin  Medical 
Inc,  circle  number  191  on  the  reader  ser- 
vice card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers  On- 
line" at  hltp;//www. aarc.org/buyers_ 
guide/ 
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chrony'^' Ventilatory  Support  System. 
The  company  says  this  newest  member  of 
its  BiPAP  line  offers  providers  the  option 
of  using  either  a  liniiled-lealure  ventilator 
platform  (BiPAP  Synchrony  S)  or  an  ad- 
vanced platform  (BiPAP  Synchrony  S/T) 
with  additional  modes  of  operation. 
Respironics  says  the  device  is  lightweight 
at  less  than  6  pounds  and  that  it  offers  pa- 
tient comfort   features  such  as  Digital 


Auto  Trak  Seiisitivitv  '"•'.  which  automati- 
cally adjusts  to  a  patient's  breathing  pat- 
tern and  mask  leaks,  and  a  ventilator 
raiTip  function  that  allows  pressure  to 
gradually  be  introduced  to  the  patient.  For 
more  information  from  Respironics  Inc, 
circle  number  192  on  the  reader  service 
card  in  this  issue,  or  send  your  request 
electronically  via  "Advertisers  Online"  at 
http://www'. aarc.org/buyers_guide/ 


Splrometer/Pulse  Oximeter  Combina- 
tion. QRS  Diagnostic  received  510(k) 
clearance  from  the  Food  and  Drug  Ad- 
ministration to  market  what  the  companv 
calls  the  world's  first  combination 
spirometer/pulse  oximeter.  QRS  says  the 
SpirOxCard"-.  available  since  late  2000, 
provides  two  sophisticated  diagnostic 
tests  with  only  one  device,  noting  also 
that  it  is  small  enough  to  fit  in  a  coat 
pocket  and  thai  it  is  compatible  with  most 
Windows"  CE  handheld  computers.  The 
company  also  says  the  new  device,  along 
with  the  company's  Office  Medic  soft- 
ware, will  cost  significantly  less  than 
competitive,  stand-alone  systems.  For 
more  information  from  QRS  Diagnostic 
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Portable  Blood  (Jas  Analyzer.  Ra- 
diometer has  introduced  what  tlies  call 
the  fastest  poi  tabic  blood  gas  anals/ci  in 


the  world.  The  company  says  the  new 
AB1.77  is  designed  spccirically  for  poinl- 
of-care  testing  making  it  easy  to  measure 
important  acute  parameters  in  blood  sam- 
ples. According  to  Radiometer  the  device 
is  virtually  maintenance  free,  is  always 
ready  to  use,  and  requires  no  cassette  or 
analyzer  preparation  before  a  sample  can 
be  measured.  The  company  says  the 
ABL77  measures  pH,  pOi.  pCOz,  cCa-\ 

(Na*,  cK*  and  Hct  using  85(jI.  of  whole 
blood.  For  more  information  from  Ra- 
diometer, circle  number  1 94  on  the  reader 
service  card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers  On- 
line"  at  http://www.aarc.org/ 
buvers  auidc/ 


RESPIRATORY  CARE  •  FEBRUARY  2001  VOL  46  NO  2 


213 


Noi-tor-profil  urgani/;iliuns  arc  offered  a  free  adveniscmenl  of  up  to  cighl  lines  lo  appear,  on  a  space-available 

basis,  in  Calendar  of  Events  in  RhSl'lRATORY  CaRI-  Ads  (or  other  meetings  aa*  priced  at  $5.50  per  line  and  require 

an  insertion  order.  Deadline  i>  the  20ih  of  the  month  two  months  preceding  the  month  m  which  you  wish  the  ad  to  run 

Submit  copy  and  msenion  orders  to  Calendar  of  Events,  Rl-SPIRAIORV  CARL,  1  1030  Abies  Lane.  Dallas  TX  75229-4593. 


Calendar 
of  Events 


Date 

AARC  &  Affiliates  Programs 

Contact 

March  13 

Professor's  Rounds  2001  Live 
Videoconference,  Program  1 

AARC,  (972)  243-2272 

March  14-16 

22nd  Annual  Tahoe  Conference, 
Lake  Tahoe,  CA 

CSRC  Greater  Bay  Area  Chapter, 
(925)  866-6643;  www.cssrc.org 

March  27 

Professor's  Rounds  2001  Live 
Videoconference,  Program  2 

AARC,  (972)  243-2272 

April  4-5 

USRC  2001  Conference;  Ogden,  UT 

Utah  Society  for  Respiratory  Care, 
peberele@weber.edu 

April  19-20 

PSRC  4th  Annual  Eastern  Regional 
Conference  and  Exhibition, 
King  of  Prussia,  PA 

Pennsylvania  Society  for  Respiratory 
Care,  Ann  Cusano,  (215)  646-7300, 
ext.  428,  cusano.a@gmc.edu 

July  21-23 

Management  and  Education  Sections, 
Summer  Forum;  Naples,  FL 

AARC,  (972)  243-2272,  clay@aarc.org 

Dec  1-4 

47th  International  Respiratory 
Congress;  San  Antonio,  TX 

AARC,  (972)  243-2272,  clay@aarc.org 

Date 

Other  Meetings 

Contact 

March  16-17 

UT  Health  Science  Center  and  Wilford  Hall 
USAF  Medical  Center's  6th  Annual  Respiratory 
Care  Symposium;  San  Antonio,  TX 

UTHSCSA.  Dept.  of  Respiratory  Care, 
(210)567-8850 

May  1 

Spirometry  Update  Refresher  Course, 
Cincinnati,  OH 

Dr.  Roy  T.  McKay,  (513)  558-1234 
or  www.drmckay.com 

May  8-11 

All  Children's  Hospital;  Neonatal/Pediatric 
Transport  Conference, 
Clearwater  Beach,  FL 

Connie  Spadaccino,  (800)  456-4543, 
ext.  4240 

May  12-14 

Spring  Sleep  Seminar  2001 ,  Branson,  MO 

Bill  Rivers  or  Melinda  Trimble, 
(501)713-1272 

Call  for  Abstracts 
2001  Respiratory  Care  Open  Forum 

EarlyDeadline:May31,2001 
Final  Deadline:July  17,  2001 


214 


Respiratory  Care  •  February  2001  Vol  46  No : 


Notices 


Noliccs  of  conipclilionN.  scholarships.  Icllowships.  cxuminulion  (kics.  new  educational  pnigfams, 

and  Ihc  like  will  he  listed  here  tree  of  chafjic  Items  for  the  Notices  section  must  reach  the  Journal  «)  days 

heforc  the  desired  month  ol  puhlication  (January  I  lor  the  March  issue,  l-ehruar)  I  for  the  April  issue,  etc).  Include  all 

pemnenl  inlomiation  and  mail  notices  to  RESPIRATORY  CAR!;  Notices  Depl.  1 10.10  Ahles  Ijine.  Dallas  TX  75229-4.'(93. 


^(yuKd<i  200t 

Pn)jjraiii  #1  Takiiiji  the  Mysten  Out  of  Ventilator 
\Neanins  for  Childa-ii— Peter  Betil  BS  RRT  FAARC: 
Host  RielKuxl  I)  Branson  B.\  RRT  K\. ARC"— Video  March 
13  Audio  Apnl  lU 

l>n)j;rani  #2  I\ilnu)nar>  Rehabilitation:  Standard  Care 
for  Chn)nie  I  -unj»  Disease  Patients — ^Tiina  Limbeig  BS 
RRT:  HostThiima-s  J  Kallsmim  RRT  FAARC— Video 
Miuvh27  Audio  Apiil  17 

!»n)Kr.uii  #3  Nonimasive  Ventilation:  Ilie  latest 
Word— Dean  R  Hess  PhD  RRT  FAARC;  Host  Richard  D 
Braason  BA  RRT  FAARC— Video  Apnl  24  Audio  May  29 

Program  fr4  Patient  Mucation  tor  the  Asthmatic — 

Trdcey  Mitchell  RRT:  Host  Thomas  .1  Kallstroni  RRT 
FAARC— Video  May  22  Audio  June  19 

Pn)}iram  #5  .\RDS:  The  Disease  and  Its  Management — 

Leoiuud  D  Hudson  MD:  Host  Da\  id  J  Pieison  MD 
FAARC— Video  June  26  Audio  July  17 

Program  #6  New  Respiratory  Drugs:  What,  When, 

and  How— Joseph  L  Rau  PhD  RRT  FAARC:  Host 
Paunck  J  Dunne  MFlci  RRT  FAARC— Video  August  14 
Audio  September  1 1 

Program  #7  Imasi\e  Ventilation:  The  Latest  Word — 

Richard  H  Kallct  MS  RRT:  Heist  Richard  D  Briuison  BA 
RRT  FAARC— Video  .September  25  Audio  October  16 

Pn)gram  #8  Test  Vour  Lungs-Know  V'our  Numbers- 
Prevent  Kmph>semi« — I'homas  L  Petty  MD  FAARC: 
Host  David  J  Pierson  MD  FAARC— Video  October  2.3 
Audio  November  20 


Helpful  LUeb.Sites 

American  Association  for  Respiratory  Care 

http://w\vu'.aarc.org 

—  Current  job  li.stings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

RESPIRATORY  CARE  online 

http://www.rcjournal.com 

—  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

—  Open  FORUM;  submit  your  abstract  online 

Asthma  Management 
Model  System 

blip;// wvvw.nhlbi.nih.gov 

Keys  to  Professional  Excellence 

http://\\  WW  .aarc.org/kcys/ 

Committee  on  Accreditation  for  Respiratory  Care 

http://www.coarc.com 


The  National  Board  for  Respiratory  Care- 
P'xamination  Fees  lor  2001 


Examination 

CRT 

Periiiatal/Pediatric 
CPFT 
RPFT 


Examination  Fees 

$190  (new  applicant) 
$150(reapplicant) 

$250  (new  applicant) 
$220(reapplicant) 

$200  (new  applicant) 
$170(reapplicant) 

$250  (new  applicant) 
$220(reapplicant) 


RRT  SI 90  (new)  $150  (reapplicant)  written  only 

(Written  $200  (new  and  reapplicant)  CSE  only 

&  CSE)  $390  (new)  $350  (reapplicant)  both 

For  inl'orniation  aboul  other  ser\  ices  or  fees,  u  rite  lo  the 

National  Board  tor  Rcspiratorv  Care. 

8^10  Nicnian  Road,  l.cnexa  KS  66214.  or  call 

(')l.^)  3i-W-42()().  F,-\X  (')13)  .S4I-()1.';6. 

or  c-inail:  nbrc-inlotn  ribrc.ori; 


RESPIRATORY  CARE  •  FEBRUARY  2001  \ Ol.  4(i  NO  2 


215 


Authors 

in  This  Issue 

Adams.  Alexander  B 177 

Barnes.  Thomas  A 200 

Blanch.  Lluis  L 158 

Cardell.  Jane 202 

Delgado.  Edgar 185 

Gillette.  Michael  A 119.  130 

Hess.  Dean  R 1 18.  1 19.  130.  198 

HotTman.  Leslie  A 1 85 


Kacmarek.  Robert  M 167 

Karmy-Jones.  Riyad 203 

Kirmse.  Max 201 

Maclntyre,  Neil  R 118,  193.  198 

Nahum.  Avi 149 

Naylor.  John  K 200 

Pinsky.  Michael  R 185 

Tasota.  Frederick  J 1 85 


Advertisers 
in  This  Issue 


111  iiihirtiM'  in  Rl  sl'IR  \  lOKN  (  \KI  .  Kinlail  Tim  (.(ildsiiiii  >.  .1X0  l«|uisla  DriM'.  Ttquisla  Fl.  iMM 
at  l5hl  I  745-67W.  Fax  1561 )  145-(tT>S.  i-mail:  Roldsbun  (£'  aarc.ciru.  for  ralis  and  nudia  kits.  For  recruilimniy 
classillid  advirlisin);  lontact  Bilh  liinkle.>.  Markttint;  As>,i>>!anl  for  RKSPIKA  IOR>  C  VHK,  at  072)  2-tJ-:272. 
Fax  IW72I  4X4-6010.  Dale  Grimths  is  the  Marketing  Director  for  RESPIRATORY  CARE. 


Company 


Product 


Circle  # 


Phone 


Page# 


DHD  Healthcare 

Driiger  Medical 

Hans  Rudolph 

Hudson  RCI 

Instrumentation  Industries 

Mosby  Inc 

Praxair  Inc 

Pulmonetic  Systems 

ResMed  Corp 

Respironics  Inc 

St  Alphonsus  Regional  Medical  Ctr 


ACE  Aerosol  Cloud  Enhancer 

102 

800-847-8000 

C4 

Ventilators 

1  19 

800-437-2437 

C2 

Research  Pneumotach  System 

120 

800-456-6695 

97 

RCI  Pocket  Spacer 

112 

800-848-3766 

90 

MDI  Adapters 

117 

800-633-8577 

97 

Books 

110 

800-545-2522 

113 

Ponable  Medical  Oxygen  Unit 

122 

800-299-7977 

92 

LTV  Series  Ventilators 

135 

800-754-1914 

C3 

Mirage  Mask 

108 

800-424-0737 

94 

Ventilation 

130 

800-345-6443 

105 

Recruitment 

116 

208-367-2106 

103 

C()I'YRK;HT  Inform  vnoN.  RESPIRATOR'i  CAK£;  Is  copyrighted  hy 
Daedalus  Enlcrpnses  Int-  Reprtiduclion  in  u  hole  or  In  part  without  the  express 
written  pemiission  of  Daedalus  Enterprises  Inc  Is  prohibited.  Pemilsslon  to 
photocopy  a  single  article  in  this  Journal  lor  noncommercial  purposes  ot 
scientific  or  educational  advancement  Is  granted.  Permission  for  multiple 
photocopies  and  copies  for  commercial  purposes  must  be  requested  in  will- 
ing, via  e-mail  (rcjoumalCs'aarc.orgl.  or  telephone  and  approved  by  RfiSPI- 
RATORY  CARli.  Anyone  may,  without  pemilsslon.  quote  up  to  ."iOO  words  of 
material  In  this  journal  pro\  ided  the  quotation  Is  for  noncommercial  use  and 
RliSPIRATORY  CAKt;  Is  credited.  Longer  quotation  requires  written  ap- 
proval b>  the  author  and  publisher.  Single  reprints  are  available  only  from  the 
authors.  Reprints  for  commercial  use  may  be  purchased  from  Daedalus  En- 
terprises Inc.  For  more  Information  and  prices  call  (972)  243-2272. 

DISCI.AI.MER.  The  opinions  expressed  in  any  article  or  editorial  are  those 
of  the  author  and  do  not  necessarily  reflect  the  views  of  the  Editors,  the 
American  Association  for  Respiratory  Care  (AARC).  or  Daedalus  Enter- 
prises Inc.  Neither  are  the  Editors,  the  AARC,  or  the  Publisher  responsible 
for  the  consequences  of  the  clinical  applications  or  use  of  any  methods  or  de- 
vices described  in  any  article  or  adveriisemenl. 

Subscription  R.4TE.S.  Individual  subscription  rates  are  S7?  per  year 
(12  issues).  $145  for  2  years,  and  $215  for  3  years  in  the  US  and  Puerto 
Rico.  Rales  are  S9()  per  year.  $  1 75  for  2  years,  and  $260  for  3  years  in  all  other 
countries  (add  $94  per  year  for  air  mail ).  Single  copies  when  available  cost 


SIO;  add  S9  lor  air  mail  postage  to  overseas  countries.  Checks  should  be 
made  payable  to  RESPIRATORY'  C.-yRE  and  sent  to  die  subscription  office  at 
1 1030  .\bles  Lane.  Dallas  TX  75229-4593.  or  call  (972)  243-2272. 

SUB.SCRIPTION  Rates  for  associations.  Basic  annual  subscrip- 
tions are  offered  to  members  of  associations  according  to  their  member- 
ship enrollment:  10L500  members  =  $l6.2.Vyear  (each);  !iOI-l.5(K)  = 
$  1 5.75/year  (each );  1 .500- 1 0,000  =  S 1 4.75/year  ( each  l;  more  than  1 0.000  = 
$l3.75/year  (each).  For  Information,  contact  Ray  Masferrer  at  (972)  243- 
2272. 

t'HAN(;E  OF  ADDRF-SS.  Notity  the  AARC  at  (972)  24.^-2272  as  scKin  as  pos- 
sible of  any  change  In  address.  Note  the  subscription  number  (from  the 
mailing  label)  and  your  name,  old  address,  and  new  address,  .•\llow  6 
weeks  lor  the  change.  To  avoid  charges  for  replacement  copies  ol  missed  is- 
sues, requests  niusi  be  iiKule  vviihin  (iO  days  In  the  LS  and  90  davs  In  other 
countries. 

MANL'SCRIPIS.  The  Journal  publishes  clinical  studies,  melhod/dev lee 
evaluations,  reviews,  and  other  materials  related  to  cardiopulmonarv  med- 
icine and  rese;irch.  Manuscripts  may  be  submitted  to  the  Eiluonai  Office.  RE,S- 
PIRATORY  CARE.  600  Ninth  Avenue.  Suite  702.  Seattle  W.\  9SI04.  In- 
structions for  authors  are  printed  in  every  issue. 


216 


RESPIRATORY  CARH  •  FEBRUARY  2001  VOL  46  NO  2 


Profile  In  Courage 

christ6pher 


H  \<irk 


REEVE  1 


Most  of  us  know  Christopher  Reeve 


I 


^ 


Subscription  Form 

U J.  StriMolplhim   SubKriptlonsOiitddcUX 


1  ra 

(12bMm) 


2YH 

(MiOHCt) 


SignaUn 


C'75   ^ 
C*215 


«a22-^ 


M7S 


n»260 


«n''(MK'«'  c-ft  IS  (he  most  highly 
regarded  peer- reviewed  scientific 
publication  for  the  Clinician 
participating  in  the  evaluation 
and  care  of  patients  with 
cardiopulmonary  problems. 
Please  print;  Incomplete  forms 
will  not  be  processed.  For  faster 
service,  fax  to  (972)464-2720 

Enclosed  Is  a  ch«cfc 
In  the  amount  of 
$ 

ClMf9«  to  my: 

n  Mastercard 
a  Visa 
a  Bill  Me 


Expintion  Date 


Cretfit  Card  Number 


ftdfttyName 


Gty 


Telephone 


Zip  Code  Country 

RE/PIRATORy  C&RE 


Product 
Information 

119    120    121     122  12J    124 

■■^Bi39  140  141    142 

155    156    157    1S8  1S9    160 

|^^BE»75  176  177  178 

191     192    193    194  195    »96 


Receive  FREE  information  on  the 
products  and  services  mentioned  in  this 
issue,  by  circling  the  corresponding 
advertiser's  number.  Fill  in  your  name 
and  address  and  mail  this  postage-paid 
card   Information  will  be  sent  directly  to 
you  from  the  manufacturer.  Incomplete 
forms  will  not  be  processed. 


foi  Kivrnjumr  dm  wbunpW*  mtormjiKm.  cmk  102. 

107   108  109  110    111  112  113 

125    126  127    128    129  130   IJl  132    133    134    135 

143    144  145    146    147  148  149  150   151    ISZlSH 

161    162  163    164    165  166   167  168    169    170    171 

179   180  181    182   183  184  18S  186  187    188   189 

197    198  199    200 

n>m«  tmlg  no  man  IhJ"  1 S  Hwnt 


172 

141 


fj  Hospital 

n  Skilled  Nursing 

Facility 

G  Subacute  Care  Facility 

D  Home  Care  Practice 

n  School 

n  Distributor 


F«ciBlyName 


O^ 


Zip  Code 


Courttry 


Telephone 

Febniaiy  2001     Eipircs  VI5/0I     ♦ 


II  0£PARTM£NT 

A  J  Resptralory  Care 
B    1 1  Cardiopulmonary 
C  U  Subacute  Care 
D  D  Home  Care 

III  SPiClALTY 

1  D  Clinkian 

2  D  Perinatal/  Pediatrics 

3  D  Critical  Care 

4  D  Research 

5  □  Subacute  Care 


agnostics/ 
Pulmonary  Function 

7  D  Management 

8  n  Home  Care 

9  D  Rehabilitation 

10  D  Education 

IV    posmoN 

A  D  Department  Head 
8  D  Chief  Therapist 
C  D  Supervisor 
D  D  Staff  Therapist; 

Technician 
E   D  Medical  Director 
F    D  Educator/Instructor 
C  D  Sales 
H  D  Other  (plewe  specify) 


V  /Utt  YCXJ  AN  AARC 
MEMBER? 

I   P  Yes    2   D  No 


RE/PIRATORy  C6RE 


ities 


powerful  features 
and  unique 
improved  quality  of 
n  make  a  difference 


93-2975 


Authors 

in  This  Issue 

Adams,  Alexander  B 177 

Barnes,  Thomas  A 200 

Blanch,  Lluis  L 158 

Cardell.  Jane 202 

Delgado.  Edgar 185 

Gillette.  Michael  A 119.  130 

Hess.  DeanR 118.  119.  130.  19S 

Hoffman.  Leslie  A 1 85 


Kacmarek.  Robert  M 1 67 

Kamiy-Jones.  Riyad 203 

Kirmse.  Max 201 

Maclntyre,  Neil  R 118.  193,  198 

Nahiim.  Avi 149 

Naylor.  John  K 200 

Pinsky.  Michael  R 185 

Tasota.  Frederick  J 1 85 


Adveiti; 
in  This  Is 


Company 


DHD  Healthcare 
Drager  Medical 
Hans  Rudolph 
Hudson  RCl 
Instrumentation  Indu 
Mosby  Inc 
Praxair  Inc 
Pulmonelic  Systems 
ResMed  Corp 
Respironics  Inc 
St  Alphonsus  Region 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL  PERMIT  NO  2480  Dallas.TX 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  Subscriptions 

ATTN:  Beth  Binkley 
PO  BOX  29686 
Dallas  TX  75229-9691 


II. ..1. 1. 1. ..I. I. .1.11. 1. .1.1. nil. .1.1 1 


COI'^  KI(;Hr  IMOKM 

DilcdJlu^  EiUer[)n>.c>.  liic 
written  permission  of  D: 
photocopy  a  single  unit 
scientific  or  educational 
photocopies  and  copies  I 
ing.  via  e-mail  (rcjourna 
RA TORY  CARli.  Anyom 
material  in  this  journal  p 
RliSPIRAIOR-l  CARli  i 
pros  al  by  the  author  and 
authors.  Reprints  tor  coi 
terprises  Inc.  For  more  i 

DISCLAIMER.  The  opi 

of  the  author  and  do  nt 
American  Association  I 
pri,ses  Inc.  Neither  are  tl 
for  the  consequences  of  l 
vices  described  in  any  a 

Subscription  Ratf 

(12  issues).  SI 45  for  2 
Rico.  Rates  are  S90  per  y 
countries  (add  S94  per  y 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL  PERMIT  NO.  881  Riverton,  NJ 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


AARC  Publications 

PO  BOX  11605 
Riverton  NJ  08076-7205 


216 


lll„.l..l.ll...l...l.ll..l...l..l.lll....i.l..l.l.l 


Profile  In  Courage 

CHRISTOPHER 


H  \(irh. 


REEVE 

Most  of  us  know  Christopher  Reeve 
and  the  tragic  accident  that  occurred 
several  years  ago.  But  did  you  Icnow 
that  Mr  Reeve  is  determined  to  walk 
again?  Mr  Reeve  undergoes  rigorous 
physical  therapy  as  part  of  achieving 
this  goal.  With  the  assistance  of  his 
IW  Ventilator,  Mr.  Reeve  is  able  to 
perform  the  therapy  that  will  help 
him  realize  his  objective.  The  LTV 
Ventilator  not  only  offers  him  refined 
features  such  as  Flow  Triggering, 
Pressure  Support  and  Variable 
Breath  Termination,  but  it  enables 
him  to  breathe  autonomically  for 
extended  periods  of  time  which  he 
considers  a  crucial  part  of  his 
preparation  for  recovery.  Today, 
Christopher  Reeve  is  not  |ust 
exercising;  he's  making  a  dream 
become  a  reality.  After  all,  isn't  that 
what  true  quality  of  life  is  all  about? 

When  you  combine  courage, 
determination  and  true  product 
innovation,  the  results  can 

be  inspiring. 


Profile  In  Possibilities 


LTV  Series  Ventilators 

Redefining  true  portability,  Pulmonetic  Systems'  LTV  Series  Ventilators  offer  powerful  features 
with  uncompromising  performance.  Their  sophisticated  pneumatic  design  and  unique 
miniaturization  technology  provide  patients  with  maximum  mobility  and  an  improved  quality  of 
life.  Contact  us  today  to  learn  more  about  how  the  LTV  Series  Ventilators  can  make  a  difference 
in  the  life  of  someone  you  know. 


PulmoneticSvslems 

Innovations  For  Life 

Toll  Free:  (800)754-1914 
www.pulmonetic.com 
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Now  you  need  it. 


Now  you  don't. 


Introducini^ 

the  ACE  Aerosol  Cloud  Enhancer 

with  exclusive,  detcickble  mask. 


Universal 

Clear  construction  to  let  you  visuallv 
contirm  avaijabilit)-  of  prescribed  dose 


Dual  valve  for  enhanced 


Coaching  whistle  to  help 
patients  mauitam  correct 
inspirator)'  tlowrate 


The  universal  ACE  spacer 
now  gives  you  the  option  of  a 
detachable  mask  for  even  greater 
versatilitv  in  MDI  deliverv! 


Silicone  mask  with  soft, 

rolled  edges  for  a  comfortable. 

snug'fit.  100%  air  flow 


ACE  ehmmates  the  need  to  stock  multiple  .MDI  spacers.  In  addition 
to  using  ACE  to  deliver  aerosolized  medications  through  a  mask,  you  can 
also  use  it  in  a  vent  circuit,  m  conjunction  with  an  endotracheal  air\v.iy 
connected  to  a  resuscitation  bag,  and  with  a  mouthpiece  tor  routine,  oral 
therapy.  No  other  spacer  lets  you  deHver  rehef  in  more  apphcations! 


The  ACE  detachable  mask  is  available  in  three  sizes  (sold  separately), 
and  is  easy  for  patients  to  remove  and  clean.  For  more  informanon  on 
the  ACE  Aerosol  Cloud  Enhancer  with  detachable  mask,  or 
for  a  (rce  catalog  of  DHD  qualm  respiratory  products,  call 
toll-free  tod,ivjt1' 800- 847- 8000. 
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Innovalions  for  respiratory  care 
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